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Ill  Ti  :0  DUCT  I  OH 


Our  scientific  history  contains  a  considerable 
number  of  attempts  to  reach  a  solution  of  the  problem 
of  long  range  weather  forecasting.  The  following  methods 
and  approaches,  which  are  used  at  the  present  time  (indi¬ 
vidually  or  in  conjunction  ?/ith  other  methods )are  the  most 
common  ones;  1)  Statistical  methods;  2)  Consideration 
of  periodicity  in  the  changes  in  meteorological  elements; 

3)  Consideration  of  the  "peculiarities"  in  the  course  of 
long  term  curves  of  changes  in  meteorological  elements; 

4)  Consideration’  of  the  relationship  between  changes  in 
meteorological  elements  (phenomena)  and  changes  in  solar 
activity;  5)  Consideration  of  the  relationship  between 
the  formation  of  certain  action  centers  and  the  weather 
in  various  regions  of  the  Northern  Hemisphere;  6)  The 
establishment  of  the  pattern  of  repetition  and  succession 
of  the  various  types  of  atmospheric  circulation;  7)  The 
analogue  method;  8)  The  consideration  of  long  waves  that 
occur  in  the  troposphere  and  the  consequent  weather  condi¬ 
tions  on  the  ground;  9)  The  solution  of  hydrodynamic  and 
thermodynamic  equations  Of  the  atmosphere. 

We  shall  briefly  examine  each  one  of  these  approaches 
and  methods, 

I .  Statistical  Methods  of  Forecasting. 

The  statistical  methods  of  forecasting  appeared  be¬ 
fore  other  methods  since  their  application  required  no 
elaboration  of  the  physical  aspects  of  the  interrelation¬ 
ships  in  the  development  of  macroprocesses.  Statistical 
methods  in  essence  are  extrapolation  methods,  based  on 
the  consideration  of  the  initial  condition  and  the  ten¬ 
dencies.  . 
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TESTING  TESTING  TESTING 


In  order  to  determine  the  initial  state,  -various 
methods  for  representing  the  macroprocesses  are  used 
that  permit  the  isolation  of -the  more  pertinent  and  the 
elimination  of  the  unimportant  features  of  the  macro¬ 
processes.  Such  determination  is  achieved  through  the 
compilation  of  conglomerate  kinematic  maps  or  maps  pro¬ 
viding  average  values  of  the  meteorological  elements, 
which  was  already  mentioned  in  the  preface. 

Various  types  of  statistical  methods  are  used  to 
determine  the  tendency.  German  meteorologists,  led  by 
Bauer,  utilized  multiple  correlation  tables  for  this 
purpose;  in  the  United  States  autocorrelation  methods 
are  used  in  conjunction  with  a  consideration  of  the 
normal  meteorological  changes  during  a  period  included 
in  the  forecast.  Occasionally  elementary  statistical 
data . regarding  the  probability  of  a  preservation  of  the 
initial  state,  a  change  to  the  opposite, .  etc. ,  are  used. 

Statistical  methods  also  include  numerous  inves¬ 
tigations  for  determining  the  correlation  coefficients 
between  the  changes  of  one  element  at  various  points 
within  the  same  region  and  their  subsequent  changes. 

/See  Note/  Such  methods  were  widely  used  by  Bauer  for 
Europe,  '’Ey  Wadsworth  in  verifying  the  relationships  be¬ 
tween  the  situation  and  the  intensity  of  a  series  of 
"semi-constant  action  centers"  and  especially  by  Walker  -  - 
in  his  classic  investigation  of  the  relationship  -between 
weather  elements  on  the  globe  and  partially  for  the  fore¬ 
casting  of  seasonal  rains  in  India.  In  the  USSR  this 
type  of  investigation  was  conducted  by  V.  Yu.  Vize  as 
well  as  by  a  number  of  other  scientists.  A  number  of 
important  characteristics  involved  in  the  circulation 
of  the  atmosphere  and  of  its  individual  segments  as 
well  as  certain  prognostic  relationships  were  revelaed 

through  tnis  method.  /Note/  Suchtinvestigatione  also  known  as  "world 
weather';Ons. .  of  the  basic  and  outstanding  inadequacies  of 
all  these  investigations  and  attempts  to  arrive  at  a 
solution  of  the  problem  of  long-range  weather  forecasts 
is  the  fact  that  the  relationsnips  established  in  this  manner 
frequently  do  not  readily  lend  themselves  to  a  physical 
interpretation  and  the  characteristics  of  their  interre¬ 
lationships  not  infrequently  change-  with  time.  There-, 
fore,  a  method  based  exclusively  on  these  relationships 
may  not  be  considered  prospective.  This,  however,  does 
not  mean  that  the  application  of  statistical  relation¬ 
ships  in  combination  with  other,  physical,  methods  could 
not  be  useful.  Examples  of  their  effective  utilization 
in  conjunction  with  a  number  of  methods  will  be  illus¬ 
trated  below. 
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II.  Consideration^ of  Periodicity  in  the  Change s  of 
Meteorological  Elements. 

This  is  one  of  the  varieties  of. a  statistical 
approach  which  is  based  on  the  statistical  analysis  of 
prolonged  homogeneous  pressure  records  '  £in- 

frequehtly7  of  temperature  and  precipitation  at  certain 
stations.  In  these  cases  the  purpose  is  to  establish 
a  certain  periodicity  or  recurrence  in  the  variations 
which  could  then  be  utilized  in  the  compilation  of  long 
range  forecasts  for  these  particular  elements .  Inves¬ 
tigations  have  determined  a  great  variety  of  different 
types  of  periods  that  last  anywhere  from  several  days 
to  several  decades.  The  methods  that  are  used  in  these 
cases,  however,  such  as  the  harmonic  analysis,  and 
smoothing  not  infrequently  lead  to  an  establishment  of 
periods  which  do  not  even  exist  in  nature.  Other  dis¬ 
covered  and  proven  periods  turn  out  to  be  unstable  in 
time  which  makes  it  impossible  to  use  them  in  prognos¬ 
tication. 

Weickmann's  works  as  well  as  that  of  his  succes¬ 
sors  may  be  included  in  the  same  group  of  investigations 
They  established  so-called  points  of  symmetry  in  the 
change  of  pressure  on  both  sides  of  which  the  curve 
showing  the  dependence  of  pressure  on  time  has  a  con¬ 
verse  course.  A  group  of  co-workers  guided  by  V/eick- 
mann,  that  is  now  working  in  Kissingen,  establishes  the 
points  of  symmetry  not  on  the  basis  of  pressure  data  at 
the  different  stations  but  on  the  basis  of  data  of  aver¬ 
age  pressure  at  several  stations  situated  over  an  area 
of  500  square  kilometers.  Despite  the  application  of 
the  best  statistical  procedures  in  the  above  investiga¬ 
tions  the  authors  were  unable  to  evolve  a  method  for 
forecasting  points  of  symmetry  for  future  periods. 

Bauer  conducted  an  exhaustive  statistical  inves¬ 
tigation  of  the  possibilities  for  applying  methods  of 
periodicity  and  symmetry  for  the  extrapolation  of  wea¬ 
ther  elements  in  order  to  be  able  to  forecast  them  on 
a  long-range  basis.  He  came  to  the  conclusion  that 
these  methods  do  not  deserve  attention  or  further  ef¬ 
forts  and  funds  as  their  prognostic  effect  does  not  ex¬ 
ceed  the  probability  of  the  preservation  of  the  initial 
values  of  significance  of  the  meteorological- elements . 

It  is  apparently  difficult  not  to  agree  with  this  con¬ 
clusion. 

III.  Consideration  of  Peculiarities  in  the  Course  of 
Average  Many  Year  /Ilprpal/  ,  Curves  Depicting  Changes  in 
Meteorological  Elements. 

A  number  of  investigations  indicate  that  certain 
characteristics  of  circulation  and  weather  found  in 
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various  regions  occur  more!  frequently  on  the  .same  dates 
of  a  certain  month  by  comparison  with  neighboring  dates 
In  order  to  study  such  dependencies  for  a  number  o.f  sta 
tions  in  Europe  and  the  eastern  part  of  the  Atlantic 
Ocean  "normal"pressure  curves  at  sea  level  for  a  five- 
day  period  were  evolved.  Despite  the  fact  that  these 
five-day  curves  were  evolved  to  cover  an  extensive 
number  of  years  certain  of  their  "peculiarities"  did 
not  smooth  out  and  clearly  appeared  in  the  background 
of  seasonal  tendency.  This  indicates  the  fact  that 
tne  given  peculiarity  as  a  rule  occurs  in  individual 
five-day  periods  which  were  included  in  the  averaging 

A  graph  depicting  changes  in  the  average  five- 
day  elements  of  pressure  for  several  recent  months 
is  compiled  in  the  evolution  of  a  prognosis  of  pres¬ 
sure  for  the  next  five-day  period.  This  graph  is  en¬ 
tered  on  tracing  paper  and  superimposed  on  an  analo¬ 
gous  graph  of  the  normal  course  of  the  pressure  curve. 
Portions  of  the  normal  curve  where  a  coincidence  of 
the  ridges  and  valleys  with  those  of  the  initial  curve 
occur  are  also  searched  for  in  this  case.  Attention 
is  usually  not  devoted  at  first  to  the  dimensions  of 
the  curve  amplitudes  which  subsequently  is  corrected 
by  means  of  additional  methods. 

In  order  to  find  sections  where  the  curves  a’e 
parallel,  it  is  frequently  necessary  to  displace  the 
curves  in  time.  A . "peculiarity"  located  closest  to 
the  day  of  prognosis  is  searched  for  on  the  superim¬ 
posed  curves.  Subsequently  the  initial  curve  is  ex¬ 
trapolated  for  the  n^xt  five-day  period  more  or  less 
parallel  to  the  normal  curve. 

The  prognostic  value  of  the  average  pressure  for 
the  next  five-day  period  for  the  given  station  is  ob¬ 
tained  as  a  result.  Similar  operations  are  conducted 
for  every  station  located  in  the  region  that  we  are 
concerned  with  in  a  particular  case.  As  a  result  a 
prognostic  chart  of  the  ground  level. pressure  for  the 
subsequent  five-day  period  was  evolved.  This  approach 
is  at  the  present  time  utilized  in  France  and  this 
will  be  described  in  greater  detail  in  Chapter  II. 
paragraph  2 . 

IV .  Solar  Activity. 

Section  4  of  Chapter  II  examined  in  detail  the 
problem  of  solar  activity  and  its  role  in  the  develop— 
ment  of  atmospheric  processes.  It  indicated  that  the 
presence  of  such  a  relationship  is  irrevocably  proven 
by  a  number  of  investigations.  However,  the  mechanism 


of  the'  transfer  of  such  interreactions  from  the  sun 
to  the  atmosphere  is  not  yet  quite  clear.  .It  there¬ 
fore  follows  that  in  elaborating  methods  for,  long-  . 
range  weather  forecasts,  it  is  necessary  to  consider 
the  role  of  this  factor  as  well. 

Chapter  II  also  pointed  out  that  it  is  incorrect 
to  attempt  to  evolve  a  method  for  long-range  and _ short- 
range  weather  forecasts  on  the  basis  of  considering 
this  factor  alone.  In  such  an  approach  the  activity 
of  the  atmosphere  is  placed  in  complete  dependence 
only  on  the  external  factor  and  the  regularities 
that  are  peculiar  to  the  atmosphere  itself  are  not 
taken  into  consideration. 

However,  it  is  also  incorrect  to  consider  that 
almost  all  of  the  presently  existing  methods  for 
long-range  forecasting  of  weather  even  though  they 
do  recognize  the  concrete  riole  of  solar  activity 
still  do  not  take  it  into  consideration  in  the  com¬ 
pilation  of  forecasts  not  only  quantitatively  but 
qualitatively.  This  of  course  may  partially  be  ex¬ 
plained  by  the  imperfect  nature  of  our  knowledge  re¬ 
garding  the  role  of  this  factor  and  regarding  the 
mechanism  of  the  transmission  of  solar  activities, 
but  we  also  know  far  from  everything  about  other 
factors. >  .  ■*  . 

It  seems  to  us  that  at  the  present  time  the  data 
yielded  by  observations  and  investigation  of  them 
provides  the,  basis  for  the  consideration  of  this 
factor  in  all  methods  of  long-range  weather  fore¬ 
casting,  especially  when  the  matter  pertains  to 
forecasts  for  a  season,  a  year,  or  an  epoch.  At  the 
same  time  it  is  necessary  to  state  that  in  view  of 
its  exceptional  complexity  this  problem  requires  an 
extensive  program  of  further  investigations  in  solar 
and  atmospheric  physics,  which  was  already  discussed 
in  detail  in  Chapter  II  of  this  book. 

V.  Consideration  of  Relationships  Between  the  State 
of  Certain  Centers  of  Atmospheric  Activity  and  Wea¬ 
ther  in  Individual  Regions  of  the  northern  Hemisphere. 

A  big  step  ahead  by  comparison  with  the  approach¬ 
es  examined  above  was  the  synoptic  approach  which  was 
being  developed  since  1913  by  the  Russian  school  head¬ 
ed  by  B.  P.  Mul’tanovskiy.  The  initial  working  hypo¬ 
thesis  in  this  case  was  the  following  situation:  the 
weather  in  a  given  region  is  a  reflection  of  the  con¬ 
ditions  of  the  centers  of  atmospheric  activity.  Por 
the  prognostication  of  weather  in  the  European  area 
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of  the  \JSSR  special  attention  was  attributed  to  the 
activities  of  the'  Polar  and  Azores  centers  of  activ- 
lty.  Subsequently  it  was  established  that  the  char¬ 
acteristics  of  their  activity  are  associated  With  the 
trajectories  of  procure  formations,  the  continuity  of 
natural  synoptic  periods  and  seasons,  the  occurrence 
and  recurrence  of  various  types  of  macroprocesses.  The 
results  obtained  in  this  respect  formed  the  basis  of 
the  synoptic  method  for  long-range  weather  foreeast- 

rrofr.^10^1’  present  time,  is  used  in  the 

UbSR  m  the  central  institute  of  forecasting  and 
which  will  be  examined  in  detail  in  Chapter  VI I  of 
tnis  book.. 

Similar  ideas  were  utilized  by  Elliot  in  the 
compilation  of  his  "Type  Method"  which  will  be  de¬ 
scribed  in  Chapter  XI. 


*  The  Typification  of  Synoptic  Processes . 

A  number  of  investigations  relating  to  the  prob¬ 
lem  of  forecasting  were  conducted  with  the  goal  of 
approaching  the  elaboration  of  methods  for  long-range 
weather  forecasts  based  on  a  typification  of  macro- 
synoptic  processes  observed  in  the  hemisphere  or  in 
a  certain  region  within  it.  A  considerable  portion 
of  such  typifications  ivas  examined  by  us  in  Chapters 
III  ana  lY.  There  it  was  pointed  Out  that  few  of  the 
existing  typifications  were  developed  to  the  point  bf 
being  a ^ method  of  long-range  forecasting,  since  the 
regularities  in  the  continuity  of  established  types 
were  not  clarified  in  the  majority  of  cases.  The 
statistical  charac-c  oris  tics  of  continuity,  however, 
provided  little  material  for  forecasting  as  tie  •  -*o- 
babil.-.ty  of  the  conversion  of  the  initial  type  into 
any  one  of  the  remaining  types  was  frequently  almost 

ihe  greatest  difficulty  which  was  experienced 
in  the  utilization  of  types  for  the  compilation  of 
long-range  forecasts  was  the  forecast  of  the  type  of 
impending  processes.  The  majority  of  errors  in  wea- 
tner  forecasts  compiled  on  such  principles  evolves 
specifically  from  errors  in  the  prognostication  of 
the  type. 

The  utilization  of  typifications  in  certain  sys¬ 
tems  for  long-range  weather  forecasts  will  be  dis¬ 
cussed  m  greater  detail  in  Chapters  VIII,  X,  XI,  XII. 
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VII.  Analogues.  „ 

In  order  "to  forecast  "tlie  characteristics  ox  an 
impending  macroprocess  it  is  necessary  to  reveal  the 
basic  effect  of  physical  factors,  their  role  and  changes 
in  time.  Inasmuch  as  at  the  present  moment  to  fully 
do  this  the  problem  is  frequently  solved  by  devious 
means  in  studying  macrosynoptic  processes  that  were 
Observed  in  the  past  and  finding  processes  among  than 
that  are  analogous  to  those  which  are  being  observed 
in  the  current  season,  month  or  some  other  period  of 
time.  In  this  case  it  is  commonly,  accepted  to  con¬ 
sider  that  as  long  as  two  seasons  or  months  were ob-! 
served  to  have  analogous  processes  they  were  analogous 
physical  factors  that  had  an  analogous  effect  and 
successiveness.  Therefore  it  is  considered  that  the 
further  development  of  these  initial  processes  will 
also  be  analogous.  Then,  with  a  certain  degree  of 
probability  it  is  possible  to  assert  that  those  pro¬ 
cesses  which  were  observed  in  the  analogue  years  dur¬ 
ing  the  period  corresponding  to  the  one  being  prog- 
nostigated  will  also  be  observed  during  the. year  cov¬ 
ered'  by  the  prognosis  under  compilation. 

Such  an  assertion  Of  course  may  not  be  considered 
as  proof.  It  is  known  that  there  are  cases  where  in¬ 
significant  differences  in  processes  occurring  in  the 
past  bring  about  basically  different  recurrences  in 
the  future.  Therefore,  the  inevitable  problem  arises 
as  to  what  two  processes  should  be  considered  as  an¬ 
alogous  or  what  might  be  considered  as  a  criteria 
for  determining  the  analogous  nature  of  various  pro¬ 
cesses  observed  during  different  years. 

Thereare  many  subjective  views  and  unsolved  pro¬ 
blems  in  this  matter.  Some  consider  that  in  selecting 
analogues  it  is  necessary  to  be  limited  by  a  similar—  - 
ity  that  occurs  in  certain  small  regions'  for  which 
the  prognosis  is  being  compiled.  Others  consider 
that  along  with  the  similarities  in  a  limited  re¬ 
gion  there  must  also  be  a  similarity  in  the  selected 
analogues  for  the  entire  hemisphere  as  well.  At  the 
same  time  it  is  required  that  there  be  a  similarity 
not  only  for  the  ground  level  charts  but  for  the  al¬ 
titude  hemisphere  charts  as  Well.  Some  consider  that 
analogues  may  be  selected  on  the  basis  of  average 
characteristic  processes.  Others  however  prefer 
daily  data  or  charts.  However,  if  all  these  require¬ 
ments  were  to  be  satisfied,  then,  having  a  limited, 
number  of  observations  ^especially  altitude  data/  it 
will  often  be  almost  impossible  to  select  an  analogue. • 

A  completely  new  approach  to  the  problem  on  the 
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selection  and  utilization  of  analogues  was  adopted 
by  G.  Ya.  Vangengeym-  /see  Chapter  VIIl/ •  The  prin¬ 
cipal  condition  'here  'is '  that  in  selecting  analogues 
not  the  external  points  of  similarity  *  atfe  considered 
but  genetic  ones,  i.e.  points  that  reflect  the  inter¬ 
nal  features  of  the  development  of  the  macroprocesses. 
In  this  case  the  main  subject  pertains  to  the  selec¬ 
tion  of  circulation  homologs.  /See  Note7  A  condition 
that  the  processes  under  comparison  must  be  analo¬ 
gous  stages  of  more  extensive  processes  in  time  and 
space  is  a  condition  that  must  be  considered  for  this 
case.  Such  conditions  are  the  transformation  of 
W,  C  and  E  forms  over  a  period  of  time  considerably 
greater  than  periods  for  which  the  homologs  are  being 
selected.  Experience  indicates  /see  Chapter  VIl/ 
that  with  such  an  approach  in  selection  of  analogues 
the  latter  may  be  an  important  auxiliary  method  in 
the  compilation  of  long-range  weather  forecasts  com¬ 
piled  on  the  basis  of  any  of  the  existing  methods. 

/Note7  Homolog  -  from  the  Greek  word  homologous  - 
corresponding  or  similar  in  its  genetic  signs'. 

Nevertheless  the  compilation  of  a  method  for 
prognosis  only  on  the  basis  of  analogues  may  not  at 
the  present  time  be  considered  correct  and  therefore 
prospective.  It  is  so  far  possible  to  agree  with, 
an  assertion  by  Namias  with  regard  to  this  plan  oh 
the  fact  that  "analogues  in  the  best  case  are  substi¬ 
tutes  for  comprehension,  and  without  comprehending 
meteorology  it  is  hardly  possible  to  rise  beyond  the 
low  level  of  skij.1  which  may  be  attained  by  using 
the  analogue  method." 

VIII.  The  Consideration  of  Long  Y/aves  in  the  Tropo¬ 
sphere  Layer  and  the  Related  Weather  Conditions  on 
the  Ground.  *  ~ 

As  already  indicated  in  the  first  part  of  this 
book,  during  the  past  fifteen  to  twenty  years  our 
knowledge  on  the  three-dimensional  structure  of  the 
general  atmospheric  circulation  has  expanded  consid¬ 
erably.  At  the  same  time  it  was  indicated  that  the 
processes  and  weather  conditions  observed  on  the 
basis  of  ground  level  charts  are  very  closely  asso¬ 
ciated  with  the  structure  of  the  thermo-preasuelevel 
of  the  troposphere  aloft.  The  most  important  element 
in  the  chain  of  these  associations  is  the  long  waves 
that  are  observed  in  altitude  charts  of  the  hemis¬ 
phere  and  which  are  associated  with  the  conditions 
of  atmospheric  centers  of  activity  and  with  the  char¬ 
acteristics  of  cyclonic  activities  in  various  regions 
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in  the'ussr^apterSVII,1viIItli|7iml  iS®*?®1’™3 

l?^?1  condition  and  primarily  the  absence  of  re- 

andbiid?eSSn°miS  reSardinS  the  high  level  troughs 
nf  a^eS’  4>Tiie  errors  inherent  in  the  prognosis 

errors  ife?h5°rmati0nS  usually  *>ring  about  ferious 
ing  the  trouffhs^fl °S^f  °f  tile  rate  of  moti°n  involv- 

weather  changes  occurhfrh^e^urta^^t^he9 
present  time  considerable  efforts  hf  thP *Ama?' • 

are^t^^Kln. 

xaxxonsnips  between  the  field  ai  r>-p+ :nv»*  ?  xe 

weather.  The  qo-^nll  itt  olt  and  the.  ground 

at  the  present  +-im<l/fd  °^eC!'LYe  methods  available 
•To*.  h>e  Present  time  /see  Chapters  X.  Xl7  are  o-M-n 

g.'sysa,'K%s  ~ 

».  csjaAKss  rrgt 

Si  =“!»  SSviS 

of ^he  Jirc^ation®,  30,16  f0r  the  mterprhation 
.  circuio.tlon  by  moans  of  the  associated 
weather  conditions.".  " 

Which^h^  &«• 


^naiaJ?oolssesWwltha?b»n  Pro«hOstication7  of  re- 
throughout  the  northern  hpSi'°C^SSeS  places 

ganization  of  t£e invest^a^6-*  -Such'  an  <>*- 
the  fact  that  "any  system2?^  ?Sa 1S  motivated  *>y 

^rioted  exolusively  on  date  tfeeSILtf  S' 

SnThSmilpSXo^Je^s^f  n°€' oOnsMe6?  factions 
THe  degree1 o"i£pe?feSt^*»^lablJr  J?  ^Perfect, 
in  proportion  with  the  decrease  ?£P!fently  lncrease 
m  the  preparation  of  the  +  tllLarea  solved 

of  these  methods are  invIria£lS V *^e  Possibilities 
Which  is  very  far  from  Ling  Jerf“t"l  y  &  oelllnS 

IX*  Mathematical  Methods- 

ing  would  te\f0ittwere^pLsibl?r+bleinS  °f  Recast- 
range  and  short  range  weathe^fv!  t0  c?mpi:Le  1°ng 
sistance  of  mathemafi  nni  ~,>er  £°^?cas‘ts  with  the  as- 

plete  solution  of  the  dyneSii^SSJhSL^r''1  ™  a  00“- 
tions  of  the  atmosphere 1?  aJ^  thermodynamic  equa- 

a  degree  of  precision  L  ?Li£  !£??  woula  such 

involved  in  the  astronomic foL^ats^l  XlT”*1?- 
owever,  such  a  solution  of  the  urohi em  ?oPar  eclipses, 
with  considerable  difficult eSn?  ~  1  “  nS  associated 
cal  nature  as  well  as  the  di f fi nfi + • PUrely  matkemati- 

with  the  absence  of  Initiafdhr^103  a?sociated 

ion  and  insufficient  knowledgS  of  Lj^Xr-d  precis" 
of  many  atmospheric  proceesef  a?fl  5?  Physical  nature 

twenty  years  cSnsidSr^bfy111®  the  past  fifteen  or 

the  problem  bSSrSS?uSdPr8re8;-has  “scurred  in 
possible  due  to  the  wni?ed  h®re_uwilich  was  basically 
tists  such  as  A.  a?  ?SLan  JCtf  b?  S.0Viet  s  cien- 

onbthisabasiI *wiilBbenexlminedlie  “^^^eioped 

of  “S«i„ti„ 

ing.  rent  m  long-range  weather  forecast- 

for  long-rangeWweather °f exa®lnati on  of  methods 
at  the  present  time"  L  varinn^tlnS  ^f0*1  are  applied 
and  which  to  a  greater  In!!!  countries  of  the  world 
methods  that  wefe  exami^afl1^  degree  utilize  the 
important  and  complex  problem^6  ln  S°lving  tilis  very 

methodrrwiirha?e^1t“S10infh°urSel-s  thaaa 

the  forecasts  by  means  of  thos°e  melho^rit^Ki 'be°f 
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first  of  all  necessary  to  become  familiar  with  the 
basic  questions  of  determining  the  effectiveness  of 
methods  and  criteria  involved  in  the  evaluation  of 
long-range  forecasts.  After  that,  basic  methods 
which  are  evolved  and  utilized  in  the-  USSR  will  be 
examiined  in  detail  in  Chapters  VII,  VIII  and  IX 
while  Chapters  X  and  XI  will  consider  methods  which 
have  been  developed  and  are  used  in  the  USA. 

Chapter  XII  will  provide  a  brief  survey  of  in¬ 
vestigations  and  the  problems  and  methods  being  ex¬ 
amined  which  exist  in  individual  countries  of  the 
world  in  order  to  establish  a  better  understanding 
of  the  contemporary  state  of  this  problem  and  of  the 
methods  involved  in  its  solution. 


CHAPTER  VIII  ' 

THE  MACROCIRCIILATION  METHOD*  OF'  LONG  range* 

HYDR  OMETE  OR  OLOG IC  AL  P OREC  AST  SAC CORD ING^TO 

G.  YA.  VANGENGE'M 
I.  Initial  Principles. 

as  follows • 1X1 Q )  ^ p? 1f 1 6 S  c0mPilin6  a  method  are 

of  general  "atmospheric  cSculfSon  and^o?  the.  ^veiopnient 

Atl°£ 

SrFi  SSSSS?t2e 

SAvk?f  &£ ^ 

sssS 

°*  S?ha?  ewei  erob  se? vll  SUl  * 

1  at  ion  of  the  sZot^lU  “irSedW®™ 
tme  (covering  at  ieast  a  4  to  5  month  tf™?  At  fn. 

?-?sgfs‘i  L?Lt 

i^the^ontinuit^of  S^o  »'£  th? 
to^MMcf  l0ng  ranse  wea*h^  f°reca3ts™t'S  Jwes^y 

which  permit  the  consideration  of  an  ovS-all  e?lect 
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the  interacting  factors.  However,  it  is  necessary  to 
select  analogues  not  by  their  external  similarities 
but  by  their  genetic  similarities,  i.e.  according  to 
features  that  reflect  internal  characteristics  in  the 
development  of  the  macroprocesses.  Therefore,  the 
matter  at  band  here  is  the  selection  of  circulation 
homologs.  (5)  The  basis  of  a  method  for  long-range 
weather  forecasts  evolved  a  short  period  of  time  be¬ 
fore  publication  must  be  formed  by  regularities  in 
the  continuity  of  elementary  synoptic  processes  (E.S.P.). 
Inasmuch  as  the  latter  processes  are  stages  of  great¬ 
er  processes  of  the  W,  C,  and  E  forms  the  study  of 
regularities  in  their  changes  must  be  conducted  in  assoc¬ 
iation  with  transformations  occurring  in  basic'  forms 
of  atmospheric  circulation .  It  therefore  follows  that 
problems  of  long  range  weather  forecasts  published  well 
in  advance  or  on  short  notice  must  be  resolved  simul¬ 
taneously  and  on  the  basis  of  the  same  general  principal 
positions, 

II.  Method  of  Long  Range  Forecasts  Covering  an  Exten-  : 
sive  Period,  ‘  “  ‘  :  '  ~  “  ~  " 

.  1 .  Regularities  Involved  in  Seasonal  Continuity 

of  Forms  and  the  Associated  TTeather  Characteristics  Oyer 
the  European  Territory  of  the  USSR. 

The  study  of  the  continuity  in  the  seasonal  cir¬ 
culation  was  started  with  winter  seasons  during  which  the 
processes  of  the  W,  C,  or  E  forms  received  an  anomalous 
development  in  January  and  February.  All  winters  which 
had  such  an  anomalous  development  involving  any  one  of 
the  forms  such  as,  for  instance,  the  W  form  were  selected 
for  that  purpose.  Then  the  Spring  season  (March,  April 
and  May)  were  examined  in  every  one  of  the  selected  years 
and  the  type  of  circulation  that  received  an  anomalous 
development  in  every  month  of  the  season  was  determined. 

Furthermore,  all  winters  with  an  anomalous  de¬ 
velopment  of  the  easterly  circulation  were  selected  from 
these  same  numbers  of  years  and  the  further  development 
of  such  easterly  circulations  was  studied.  The  regular¬ 
ities  in  transformations  of  the  winter  meridianal  cir¬ 
culation  were  also  established  by  an  analogous  method. 

The  results  of  the  investigations  of  the  continuity  of 
winter  circulation  are  thoroughly  examined  in  the  fol¬ 
lowing  works:  . 

Vangenge^m.  G.  Ya..  Opvt  Pr5.meneniva  Sinon- 
-t iche  skikh  Me todov  k  'Imeti  •• 

istike  Hlimata  (Experience  in  the  Applica¬ 
tion  of  Syaoptic  Methods  in  the  Study  of  the 
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Si??ie-andu°f  'its  Characteristics) ,  State 
Publishing  House  for  Hydrometeorological 
Literature,  Leningrad,  1935.  ■ 

tody  SSI  (Works  of 
Hydrolo«loal  Institute),  Issue 

ifa!CSe“ilsS)!S^:  |«^»Shloal  and  aeopkys- ■ 

+  .  :pat®r  G.  Yah  Vangengeym  established  reeul  ari  - 

aWil1)  *5®  of  circulation  froraSpring 

Au^sti  - 1°  St„srr’ and  from  the  'Sumner  ^  ^ 

The  table  given  below  cites  data  reeardino-  -t-ho 

SoSS^-matlJnS  lnvolved  in  circulation  that  occurs 

indicates° that  thpS?n*  Jhe  e*aminati°n  of  that  table 
xiia±caxes  xnat  the  transformations  oconr-ri-na*  -i-n  -kuq 

circuiation  have  the  following  most  common  features; 

t-3garale-SSol1Sieseason  dunng  which  westerlv  circuls- 
tion  received  an  anomalous  development  durin°  the 

In'  east^rcf?^  i  \haS  af|?ntoc£  to  Replaced  bv 
circulation.  (*)  Processes  of  the  eastern 
orm  that  received  an  anomalous  development  in  anv  of 

S3 

seoueS1  Ieas?n!Ve  " ^°ng  de^laPma^  durSf thfsSS- 

A  more  detailed  characteristic  of  these  tranq 

poSSSts°andWdi5fphe  aonsi.derati°n  of  additional  com- 
ponents  and  different  variants  may  be  gleaned  f-nm 

^!ifv0ll?:;ng  table  aS  Wel1  as  ?hfse  Sorks^ee 

^^afeyi’d;ffa*’  fzvestlya  AN  USSR,  Seriya 
HC.o^yax .  i  Geofiz.  (hews  of  the  ^cademv  of  " 

IS?ecK  No?S3,SwfJ?I>hiCal  and  ^oP^s'ical 

Yangengejnn,  G .  Ya.,  Trudy  NIU  GUGMS  (Works 
?fbne  Scientific  Research  Institutions  of 
the  Central  Administration  of  the  FydrometeoT- 
ologica!  service  USSR),  Series  IV,  Se  |°° 
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The  regularities  cited  above  were  derived  for 
use  in  cases  whefe  the  initial  season  contained  an 
anomalous  development  of  one  of  the  three  forms  of 
circulation*  However,  such  cases  do  not  encompass 
all  types  of  initial  seasons. 

There  are  frequent  cases  also,  where  the  two 
forms  receive  a  simultaneous  anomalous  development 
in  the  initial  season  duch  as  W .  and  C,  W  and  E,  or 
E  and  C.  In  such  cases  the  initial  season . relates 
to  combinations  of  W  +  C,  W  +  E  or  E  +  C  circulation. 
The  successiveness  of  such  circulation  from  season 
to  season  was  also  studied  by  G.  Ya._ Vangengeym.  The 
results  were  published  in  the  following  works. 

Vangengeym,  &.•  Ya.,  Trudy  GGI  (Works  of  the 
State  Hydrological  Institute),  Issue  10, 

1940. 

Vangengeym,  G.  Ya.,  Izvestiya  AH  USSR,  Ser- 
iya  Geograf.  i  Geofiz.  (He wg  of  the  Academy 
of  Sciences  USSR,  Geographical  and  Geophys¬ 
ical  Series),  No.  3,  1941 

Vangengeym,  G.  Ya.,  Trudy  NIU  GUGMS  (Works 
of  the  Scientific  Research  Institutions  of 
the  Central  Administration  of  the  Hydrome¬ 
teorological  Service  USSR),  Series  IV,  Issue 
3,  1941. 

The  regularities  in  the  continuity  of  seasonal 
circulation  examined  above  have  a  direct  prognostic 
significance, as  by  knowing  the  type  of . circulation 
occurring  in  the  initial  season  and  utilizing  the 
table  given  immediately  below,  it  is  possible  to  pro¬ 
vide  a  forecast  of  the  type  of  circulation  which  will 
receive  an  anomalous  development  during  the  subsequent 
season.  This  also  resolves  the  problem  of  forecast¬ 
ing  the  general  circulation  background  (macroprocess) 
of  the  forthcoming  season. 

It  is  logical  to  consider  that  with  the  presence 
of  certain  regularities  in  the  development  of  the 
forms  of  atmospheric  circulation  from  season  to  sea¬ 
son, a  regular  development  of  certain  weather  charac¬ 
teristics  must  also  take  place^which  are  associated 
with  the  form  of  seasonal  circulation  that  was  fore¬ 
cast.  For  verifying  this,  as  well  as  in  order  to  ob¬ 
tain  possibilities  for  shifting  the  seasonal  forecast 
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Probability  of  precipitation  below  norm  (C)  and  the  probable  amount  of 
precipitation  (D)  in  April  .after  winters  with  irssterfar  circulation*. 


Probability  of  negative  deviations  from  the  norm  (E)  and  the  probable 
extent  of  the  deviation  (in  days)  from  tbo  norm  (P)  for  the  thawing  of 
rivers  after  winters  with  westerly  circulation* 


of  the  inacroprocesses  to  a  forecast  of  the 
weather  conditions,  G.  Ya.  Vangengeym  con¬ 
ducted  the  following  statistical  processing 
of  the  material  that  he  previously  used  for 
the  compilation  of  the  continuity  table 
cited  above.  The  nature  of  such  process¬ 
ing  will  be  illustrated  on  the  basis  of  an 
example  showing  the  transformations  of  the 
western  winter  circulation  into  an  eastern 
Spring-type  circulation. 

During  all  years  in  which  the  winter 
was  characterized  by  an  anomalous  develop¬ 
ment  of  westerly  circulation  April  was,  for 
example,  studied  with  respect  to  weather 
characteristics  observed  during  that  month 
(anomalous  temperature  and  amount  of 
precipitation  over  Europe  and  the  European 
territory  of  the  USSR)  as  well  as  phenomena 
associated  with  them  (thawing  of  rivers, 
the  degree  of  freezing  of  the  Barents  Sea, 
and  other  phenomena)  .  For  that  purpose 
the  extent  of  the  anomalies  at  every 
station  was  extracted  from  the  charts  de¬ 
picting  the  anomalous  temperatures  occurr¬ 
ing  daring  every  April  of  the  selected 
years.  After  that  a  compilation  was  made 
of  the  number  of  instances  where,  for 
example,  an  anomalous  temperature  was  ob¬ 
served  during  April  at  a  given  station, 
such  a  compilation  was  made  for  every 
individual  station.  The  resulting  figure 
was  expressed  in  percentage  of  the  over  all 
number  of  instances  and  the  percentage  was 
entered  on  the  blank  by  the  point  depict¬ 
ing  the  position  of  the  station,  after 
which  the  isograms  were  drawn. 

A  typical  chart  depicting  the  prob¬ 
ability  of  a  positively  anomalous  air 
temperature  during  April  after  winters 
with  westerly  circulations  was  derived. 

This  chart  is  shown  by  us  as  chart  A 
below. 

The  chart  indicates  that  a  compara¬ 
tively  large  territory  is  encompassed  by 
the  100$  isogram  /See  Note#  The  area  before 
the  100$  line  indicates  tHe  possibility  of 
negative  anomalies  in  this  area  during 
April.  Therefore  those  regions  where  the 
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probability  of  positive  anomalies  is  less  than 
50$,negative  anomalies' are  most  probable,  in 
regions  located  clcs  e  to  50$  isogram  , temper  -  ; 
atures  valued  close  to  the  norm  are  usually 
observed . 

/Hot!/  With  the  addition  of  new  years 
this  probability  in  certain  regions  may 
diminish  somewhat, while  in  other  regions  its 
probability  may  increase. 

A  chart  depicting  the  probability  of 
precipitation  below  normal  for  April  was 
compiled  in  an  analogous  manner  (See  chart 
C) .  Such  a  method  was  also  used  to  produce 
a  chart  depicting  the  probability  of  negative 
deviations  from  the  normal  periods  for  the 
thawing  of  rivers.  -See  charts  G  and  D; 
shown  below.  The  probabilities  close  to 
100$  cover  an  extensive  area  of  the  European 
portion  of  the  USSR  on  these  charts  as  well. 

This  objectively  proves  not  only  the  pre¬ 
sence  in  mature  of  •  regularities  in  the  contin¬ 
uity  of  the  W,  C,  and  E  forms  that  were  ex¬ 
amined  above,  but  also  the  general  similarity 
of  t>  _  years  that  have  become  a  part  of  the 
typical  groups.  In  addition  to  providing  a 
possibility  of  shifting  from  a  seasonal  fore¬ 
cast  of  the  macroprocess  to  the  forecast  of 
weather  conditions. 

Therefore,  using  charts  A  --E  as  well 
as  by  using  analogous  charts  for  the  month  of 
May,  it  is  possible  to  assert  with  a  great  de¬ 
gree  of  certainty  that  after  winters  with 
westerly  circulation  the  possibility  of. an 
early  and  warm  Spring  and  an  early  thawing 
of  rivers  in  the  European  part  of  the  USSR 
is  likely.  A  lower  level  of  precipitation  dur¬ 
ing  April  in  the  sour  them  portion  and  over  the 
major  part  of  the  territory  during  ^ay  is  also 
probable. 

The  charts  that  were  just  examined 
provide  the  possibility  of  compiling  only  a 
background  forecast,  that  is  a  forecast  pro¬ 
viding  a  value  of  the  probable  anomaly.  How¬ 
ever,  for  practical  purposes  it  is  desirable 
to  also  have  data  regarding  the  probable  de¬ 
gree  of  anomalies.  In  connection  with  that, 
charts  showing  probable  degrees  of  the  exam¬ 
ined  anomalies  were  compiled.  They  could  be 
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drawn  by  averaging  out  the  values  for  every  given 
station  on  an  individual  basis  for  those  months 
of  April  where  the  anomalies  were  positive 
and  instances  of  negative  anomalies  separately. 

However , . in  that  case,  at  the  stations  where  the 
probability  of  positive  anomalies,  for  example,  is 
below  100%,  anomalies  of  other  values  would  not  be 
reflected  in  the  average  values,  whereas  they  could 
easily  exist  during  the  period  covered  by  the  fore¬ 
cast,  Therefore,  probable  values  of  anomalies  for 
every  station  were  obtained  as  average  values  for  all 
those  instances  that  entered  into  a  given  typical  group. 
These  charts  for  April  are  shown  under  charts  R  —  P 
above. 


We  have  shown  charts  for  only  one  spring  month, 
after  winters  with  westerly  circulation.  Charts  for 
April  following  winters  with  easterly  circulation 
and  winters  with  meridianal  circulation  were  drawn 
in  an  analogous  manner.  They  are  all  shown  in  the 
following  work:  Vangengeym,  G.  Ya..  Izv.  AH  SSSR, 

Ser .  Geograf «  i  (jeoriz  7]j  (Hews  or  the  Academy  of- 
sciences  USSR,  u-eographical  and  Geophysical  Series), 
No*  3,  1941*  9 


Such  a  series  of  charts  for  the  European 
territory  of  the  USSR  were  drawn  for  forecasting 
weather  during  summer  months  after  springs  with  W 
C,  and  E  types  and  for  the  autumn  months  after  various 
types  of  circulation  occurring  during  the  summer  seas¬ 
on  as  well  as  charts  for  instances  of  initial  seasons 
that  are  characterized  by  a  combination  of  circul¬ 
ations  This  collection,  of  charts  permits  the  accomp¬ 
lishment  of  regular  forecasts  for  the  indicated  elem¬ 
ents  and  phenomena  fcr  the  impending  season  on  the 
basis  of  the  form  of  circulation  characterizing  the 
preceding  season.  ° 


in  order  to  verify  the  certainty  of  the  given 
method  of  forecasting,  G.  Ya.  Vangengeym  utilized 
the  cited  charts  showing  the  probability  and  probable 
values  for  compiling  forecasts  for  every  season  of 
the  past  years  (1891  to  1938).  The  results  of  this 
verification  are  cited  in  the  following  two  tables: 
l Please  see  tables  2  and  3  below} 
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From  these  tables  it  is  evident  that  the  average  certainty  of  the 
errors  not  exceeding  20$  of  the  many-year  amplitude  is-  77$ »  in  the 
forecasts,  of  precipitation  during  April  which  increases  the  cer¬ 
tainty  of  the  weather  forecast  by  19 p.  The  methodical  effective¬ 
ness  of  forecasts  covering  the  month  of  May  is  equal  to  15$. 

The  effectiveness  of  forecasts  for  the  thawing  of  rivers 
and  the  degree  of  freezing  of  the  Barents  Sea  are  close  to  these 
figures  also. 

Forecasts  of  temperature  anomalies  were  verified  only 
partially.  Their  certainty  for  April  was  equal  to  84.8$  and  for 
May  it  was  77*2$. 

The  verification  of  operational  forecasts  for  1939  to 
1942  indicated  that  their  success  is  close  to  the  data  cited  above. 

One  of  the  concrete  merits  of  the  method  being  examined  is 
the  fact. that  the  certainty  of  forecasts  fluctuates  quite  insig¬ 
nificantly  from  decade  to  decade.  This  verifies  the  stability 
of  the  relationships  in  time  and  consequently  the  existence  of 
possibilities  for  applying  them  in  the  compilation  of  forecasts 
during  different  stages  of  the  circulation. 

2.  Regularities  in  the  Transformation  of  the  W,  C,  and  E 
Forms  and  Distribution  of  Pressure  and  Temperature  Anomalies  in 
the  Northern  Hemisphere. 

In  recent  years  (1952  to  1957)  G.  la.  Vangengeyn  consider¬ 
ably  extended  the  prognostic  relationships  that  were  previously 
obtained,  and  plotted  charts  depicting  possibilities  and  probable 
values  of  pressure  anomalies,  temperature  anomalies  and  average 
pressure  for  almost  all  of  the  northern  hemisphere  for  everyone 
of  the  five-month  periods  that  followed  a  specific  initial  trans¬ 
formation  of  the  macroprocesses. 

The  principal  difference  of  this  stage  of  investigations 
from  the  preceding  one  consists  of  the  fact  that  the  initial  type 
of  process  in  this  case  (W,  C  or  E)  is  examined  along  with  the 
consideration  of  its  preceding  history,  that  is,  as  a  stage  of  more 
protracted  transformations  of  the  W,  C  and  E  forms. 

We  have  already  indicated  on  more  than  one  occasion,  in 
the  first  part  of  the  book  (See  paragraph  1,  Chapter  III,  and 
paragraph  1,  Chapter  V)  that  under  actual  circumstances,  the  W, 

C  and  E  processes  contain  differences,  the  weather  characteristics 
of  which  at  various  regions  may  differ  from  the  typical  charts 
cited  in  Chapter  III.  paragraph  1.  The  occurrence  of  these 
differences  was  explained  by  the  fact  that  the  process  of  the 
same  form  may  be  encountered  in  a  series  of  different,  longer 
transformations  in  the  W,  C,  and  E  forms,  i.e.,  may  be  recorded 
by  us  in  the  various  stages  of  transformation. 
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It,  therefore  follows  that  consideration  of  the  processes 
that  precede 1  the  initial  one  permits  a  consideration  of  not  only 
the  form  of  the  process  that  received  and  anomalous  development 
but  its  variety  as  well,  in  the  selection  of  the  initial  situation. 

The  initial  process  (W,  C,  and  E)  was  determined  in  the 
following  manner.  The  transformations  of  the  W,  C,  and  E  forms 
were  traced  by  means  of  the  catalog,  and  periods  of  time  when  one 
of  these  forms  (for  instance  W)  remains  stable  for  not  less  than 
10  days,  were  selected.  Then  it  was  necessary  that  the  form  of 
circulation  preceding  the  given  process  also  be  stable  and  remain 
in  effect  for  not  less  than  10  3&y§. 

Investigations  have  revealed  that  if  a  process  taking 
place  in  a  given  form  remained  in  effect  for  over  10  days,  it 
most  frequently  encompassed  the  major  part  of  the  month.  There¬ 
fore,  the  initial  processes  and  those  preceding  the  initial  pro¬ 
cess  may  be  characterized  with  average,  monthly  values  of  meteo¬ 
rological  elements  and  of  their  deviations  from  the  norm.  [See 
note].  After  analyzing  the  entire  period  from  1891  to  1956  G.  Ya. 
Vangengeym  evolved  six  basic  types  of  initial  transformations; 

W  that  evolved  from  E,  W  from  C,  E  from  W,  E  from  C,  C  from  ¥, 
and  C  from  E,  Each  one  of  these  initial  transformations  included 
six  to  twelve  instances.  In  addition  to  that  a  series  of  groups 
were  revealed  where  a  combined  form  of  circulation  took  place 
either  during  the  initial  month  or  during  the  month  preceding  the 
initial  one 

[Note:]  It  is  necessary  to  utilize  monthly  averages  as 
all  the  data  pertaining  to  character isitcs  of  the  pressure  and 
thermal  fields  for  past  years  are  based  on  months.  The  plotting 
of  charts  according  to  periods  of  similar  circulation  is  a  very 
difficult  task  and  was  not  accomplished  during  that  stage. 

In  all  cases  the  macroprocesses  (types  W,  C,  and  E)  were 
examined  in  all  of  the  initial  situations  (for  instance,  W  from 
E)  entering  into  a  given  group,  which  occurred  in  every  one  of 
the  five  successive  months.  It  turned  out  that  in  all  cases  of 
a  given  group  certain  regularities  in  the  changes  among  forms 
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V/,  C,  and  E  are  noted  from  month  to  month  over  a 
period  of  five  successive  months.  This  permitted 
a  statistical  processing  of  data  for  every,  group  as 
well  as  the  plotting  of  a  graph  showing  the  recur¬ 
rence  (transformation)  of  the  W,  C  and  E  forms  dur¬ 
ing  a  five  month  period  after  the  initial  condition. 

After  that,  maps  showing  average  monthly-  tem¬ 
perature  anomalies,  pressure  anomalies  and ‘average 
pressure  northern  hemisphere  for  the  corresponding 
months  in  all  cases  entering  into  a  given  group 
were  i".  matched  -  It  turned  out  that  the  charts 
plotted  for  some  of  the  months  preceding  the  initial 
ones  were  analogous  in  their  main  features. 

The  vbjtueof  the  anomaly  in  the  various  squares 
for  each  month  is  determined  on  the  basis  of  anomaly 
charts  for  every  incident  that  entered  into  a  given 
group.  If  the  entire  square  or  the  major  part  of 
its  area  is  occupied  by  a  positive  anomaly  then  the 
given  square  will  have  the  sign  "+" .  If  a  negative 
anomaly  took  place  then  the  square  contains 
Then  the  number  of  plus  and  minus  (+  and  -)  were 
computed  individually  in  every  square  and  the  per¬ 
centage  expressing  the  total  number  of  instances  was 
calculated  and  entered  in  the  middle  of  the  square. 
Isograms  were  drawn  according  to  data  obtained  through 
all  these  squares.  As  a  result  a  chart  showing  the 
probability  of  positive  ;JT®r  negativ%”  temperature 
anomalies)  pressure  anomalies.)"  a  given  month 
was  evolved.  Such  charts  were  for  the  month  preced¬ 
ing  the  initial  one  or  for  the  initial  month  as  well 
as  for  every  one  of  the  jfive  months  after  the  initial 
one  for  a  given  gruup  from  E')'. 

The  statistical  processing  of  the  recurrence  of 
the  W,  C’and  E  forms  as  well  as  the  distribution  of 
anomalies  over  the  hemisphere  for  the  remaining  groups 
of  initial  conditions  M  from  C,  C  from  W,  C  from  E, 

E  from'C,  E  from  W  and" "others’) .  Charts  for  trans¬ 
formations  of  W  from  E  and  w”  from  C  are  contained  in 
works  by  G.  Ya.  Vangengeym. 

An  examination  of  all  the  series  of  charts  indi¬ 
cates  the  following i 

1)  The  distribution  of  pressure  and  temperature 
anomalies  over  the  hemisphere  within  an  initial  W 
circulation  that  originated  from  an  E  type,  and  with 
the  W  that  originated  from  C,have  concrete  differ¬ 
ences  in  a  number  of  regions  of  the  hemisphere.  In 
connection  with  that  the  course  of  the  further  develop¬ 
ment  of  macroprocesses  gpfuring  a  five-month  period 
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the  initial  month.)  as  well  as  the  changes 
from  month  to  month  in  the  weather  conditions  are 
also  different*  This  indicates  that  in  selecting 
an  initial  condition  it  is  not  enough  to  just  es¬ 
tablish  the  form  of  circulation.  It  is  necessary  to 
also  consider  the  process  .that  preceded  it. 

2)  Considerable  areas  in  the  northern  hemisphere 
are  covered  by  the  100#  probability  lines  and  those 
close  to  it..  This  not  only  provides  a  basis  for  the 
utilization  of  the  resulting  charts  in  compiling 
forecasts  for  five  months  ahead  but  proves  the  pres¬ 
ence  of  definite  regularities  in  the  development  of 
W,  C,  and  E  forms  over  a  period  of  five  months  after 
the  initial  month  preceding  the  condition  or  state 
determined  by  the  above  method. 

.3)  A  distribution  of  pressure  and  temperature 
anomalies  over  the  hemisphere  for  the  next  five 
months  clearly  indicates  the  process  and  stages  in¬ 
volved  in  the  further  transformation  of  the  initial 
form  of  circulation,  regions  where  violations"  of  the 
initial  process  first  occur, 

4)  Years  that  form  part  of  each  group  may  be  con¬ 
sidered  as  homolog -years.  Therefore  if  we,  for  in¬ 
stance,  recorded  a  ’fresh"  transformation  of  W  from 
E  in  an  operational  order  that  arose  during  a  given 
season  tnen  the  corresponding  series  of  charts  'group 
W,  from  E'  may  be  used  for  the  compilation  of  a  back¬ 
ground  forecast  for  five  months  ahead,  having  re¬ 
vealed  which  of  the  homolog  years  most  closely  re¬ 
sembles  the  current  year,  it  is  possible  to  utilize 
its  charts  for  refining  this  background  forecast  in 
those  regions  of  the  hemisphere  where  the  group  charts 
show  a  probability  value  considerably  below  lOO^. 

New  prognostic  associations  fop  the  hemisphere 
have  materially  supplemented  the  former  associations. 

If  thy  winter  (January,  February)  fo^eexanpleV  is 
acterized  by  an r  anomalous  development  of  the  W  form 
of  process,  then,  according  to  former  associations 
the  Spring  will  be  marked  by  an  anomalous  develop¬ 
ment  of  processes  of  the  E  form.  Such  a  forecast 
may  be  made  more  precise  on  the  basis  of  the  new 
associations.  For  that  purpose  it  is  necessary  to 
determine  which  process  IE  or  C)  led  to  the  occur¬ 
rence  in  the  past,  (i.e,  in  December)  of  the  form 
in  January,  After  that  a  corresponding  series  of 
charts  (W  from  E  or  W  from  c)  are  taken  as  well  as 
graphs  showing  the  transformation  of  W  c  and  &  forms 
for  the  following;  five  months.  Then  they  are  matched 
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for  the  corresponding  Spring  months  with  data  given 
in  the  table  on  the  continuity  of  basic  forms  of  at¬ 
mospheric  circulation  from  season  to  season  cited 
earlier  in  this  book.  (Table  l)  * 

The  associations  examined  above  have  a  probable 
character.  Thereforethey  may  not  always  correctly 
indicate  either  the  development  of  macroprocesses  in 
the  forthcoming  months  or  the  weather  cbaracteristicsfor 
especially  those  regions  where  the  probability  is  con¬ 
siderably  below  100%*'  in  other  words,  it  is  possible 
that  when  in  the  initial  season,  for  instance  during 
the  Winter, when  processes  involving  the  W  forms  are 
developed  in  an  anomalous  manner  and  by  Spring  they 
are  replaced  not  by  the  E  form, as  it  should  be  ac¬ 
cording  to  the  regularities  in  the  continuity  (table 
1  above) }but  by  the  C  form.  In  this  case  the  dis¬ 
tribution  of  temperature  anomalies  for  precipitation 
and  other  elements  in  the  forthcoming 
Spring  will  not  correspond  to  the  type  of  distribu¬ 
tion  which  should  have  taken  place  according  to  the 
charts  cited  above.  It  therefore  follows  that  it  is 
necessary  to  have  additional  criteria  which  would  permit 
a  consideration  of  this  peculiarity  in  the  transform¬ 
ation  of  the  circulation  during  individual  years  that 
are  different  from  the  many  year  (normal)  scheme  of 
continuity;  this  is  necessary  in  addition  to  the  prog¬ 
nostic  associations  examined  above.  These  additional 
criteria  will  be  examined  in  detail  later.  Kere  we 
devote  our  attention  only  to  the  great  significance 
of  the  probable  associations  cited  above  despite  the 
fact  that  they  do  not  always  guarantee  accurate 
weather  forecasts.  In  addition  to  the  possibility  of 
using  them  in  compiling  a  background  seasonal  forecast, 
their  significance  also  consists  of  the  fact  that  they 
indicate  the  most  likely  (normal)  trend  in  the  develop¬ 
ment  of  the  macroprocess  and  the  associated  weather  con¬ 
ditions  for  the  subsequent  season  after  their  specific 
condition  in  the  past  season.  The  significance  of 
these  leading  regularities  permits  the  forecaster  to 
make  a  proper  evaluation  of  whether  the  transformation 
in  the  circulation  in  a  given  specific  season  is 
normal  or  abnormal.  For  instance,  let  us  assume  that 
in  the  initial  winter  season  the  W  processes  were  de¬ 
veloped  and  according  to  the  supplementary  criteria 
(see  below'  we  obtained  an  indication  of  a  possibil¬ 
ity  that  by  Spring, processes  of  the  C  form  will 
develop.  This  indicates  that  in  the  given  specific 
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A  chart  staring  change,  in  surface  Pressure  rtth  the  tanefomattoi 

ui.  u  xnzQ  ji.« 


year  we  are  dealing  with  an  unusual  development  of 
the  macroprocesses.  In  such  cases  it  is  evidently 
necessary  to  conduct  an  especially  thorough  analysis 
of  all  data  that  would  permit  a  forecast  of  the  ex¬ 
treme  instances* 

3 i  consideration  of  the  Peculiarities  in  the 
Transformation  of  Forms  'of  Atmospheric  Circulation 
During  Specif  ic  ^ears. 

Above,  we  have  pointed  out  that  in  utilizing 
the  previously  examined  possibilities  Of  prognostic 
associations  there  may  be  cases  where  the  character¬ 
istics  of  the  transformation  of  the  seasonal  circula¬ 
tion  will  differ  from  the  normal  scheme  of  continuity. 

In  order  to  be  able  to  compile  a  forecast  of  these 
cases  and  also  to  be  able  to  have  an  opportunity  to 
consider  possible  deviations  from  the  normal  scheme, 
during  specific  years  where  the  processes  are  develop¬ 
ing  in  a  normal  direction  the  following  supplementary 
methods  are  used1 

a)  The  observation  of  characteristics  involved 
in  the  exchange  of  air  in  the  northern  hemisphere  as 
well  as  the  consideration  of  the  interaction  among 
processes  taking  place  in  its  various  sectors. 

b)  A  selection  of  homologs  of  circulation  for 
the  processes  that  are  observed  over  a  period  of  four 
to  five  months  preceding  the  season  covered  by  the 
forecast. 

Let  us  now  stop  on  a  more  detailed  examination 
of  each  one  of  these  additional  criteria. 

In  matching  charts  showing  the  distribution  of 
pressure  anomalies  that  are  observed  under  the  W,  .C, 
and  E  forms  (see  illustration  above)  their  main  dif¬ 
ferences  may  be  noted.  The  differences  between  charts 
showing  the  W  and  E  forms  are  especially  evident  (see 
illustrations  above)  where  the  distribution  of  the  anomal¬ 
ies  is  almost  directly  opposite:  with  the  W  form  the 
lack  of  air  masses  and  polar  and  pre-equitorial  regions 
and  the  surplus  of  it  in  the  tropical  regions  is  evid¬ 
ent.  It  therefore  follows  that  in  the  transformation 
of  the  W  form  into  an  E  form  a  specific  exchange  of  air 
must  take  place  in  the  hemisphere.  Specif ically. a  shift¬ 
ing  of  air  into  pre-polar  and  pre-equitorial  latitudes 
and  a  movement  of  the  air  masses  out  of  the  subtropical 
regions. 

In  order  to  present  the  nature  of  air  exchange 
that  takes  place  in  the  hemisphere  with  the  transform¬ 
ation  of  the  W  form  into  the  E  form  in  a  clear  manner 
the  following  method  is  used;  pressure  values  de¬ 
rived  from  a  typical  chart  showing  the  W  form  are 
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subtracted  from  the  pressure  values  from  a  typical  form  E  chart. 
The  resulting  pressure^ differences  are  plotted  on  a  blank  by  as- 
signing  it  a  special  sign  and  lines  are  drawn  between. similar  dif- 
ferences  (red  color  means  negative,  i.e.,  decreasing  pressure, 
and  blue  color  means  positive  values1,  i.e.  an  increas'e  in  the  -sur¬ 
face  pressure).  This-  type  of  chart  is  called  a  ehart  showing 
change  inpressure  observed  in  the  transformation  of  the  W  form 
into  the  a  form  or  briefly  a  chart  showing  the  transformation  of 
the  ¥  form  into  the  5  form.  This  chart  is  shown  as  chart !  C-  given 
below.  Charts  showing  the  transformation  of  W  form  into  the  C 
form  (see  chart  H  below)  as  well  as  Charts  for  other  types  of 
transformation  (C  into  E,  C  into  W,  E  into  C,  and  E  into  W)  were 
also  derived  in  a  similar  manner  [See  Note], 

[Note:]  Investigations  have  shown  that  in  a  region  where 
there  are  rising  pressure  areas,  areas  of  positive  anomaly  of 
pressure  are  formed  and  the  opposite  takes  place  in  areas  of  de¬ 
creasing  pressure  -  a  negative  anomaly. 

~  ..  J?1®  co»parisbn  between  charts  depicting  transformation 

W  to  the  E  fom  and  the  ¥  into  the  C  form  indicates  major 
i^r+KCes  a±r  exchange  characteristics  in  the  hemis¬ 

phere  these  two  different  types  of  transformation  of  the  same  form 
(see  charts  u  and  H  given  below).  Therefore,  it  follows  that, 
if  during  a  .er-cain  period  of  time  (for  instance  a  month)  proces¬ 
ses  of  the  ¥  form  are  observed  while  the  change  in  pressure  from 

7,;°  day  «-n  lndicate  an  expansion  of  that  form  in  the  region 
ox  the  Aleutian  Islands  and  England,  a  drop  over  the  European 
portion  of  the  USSR  and  western  America,  in  that  case  it  means 
that  the  processes  of  the  ¥  form  change  in  such  a  manner  that  they 
will  in  the  future  be  replaced  by  the  C  form.  If  the  pressure 
cnanges  correspond  to  chart  G  given  below  showing  the  changes 
f>!™SUS?Ge  >Jith  a  transformation  of  the  ¥  into  the  E 

mea?  that  sj-gns  involving  the  evolution  of  a 
new  fom  (E)  is  taking  place  in  the  background  of  the  existing 
process  whxch  after  a  period  of  time  will  go  back  to  the  ¥  fom. 

+  „  As  a.eady  indicated  in  paragraph  1  of  Chapter  III  the 

transformation  of  processes  from  one  fom  into  another  does  not 
occur  at  the  same  time  over  the  entire  hemisphere.  Features  of  a 
new  form  may  at  first  occur  in  one  part  of  the  hemisphere,  then 
due  to  the  interrelationships  and  interdependencies  of  the  process 
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they  may  appear  iii  the  other  regions  of  the  hemis¬ 
phere  after  afteY  a  period  of  time.  For  example  in 
the  transformation  of  the  W  form  into  the  C  form  the 
high  level  ridge  (ulocl)  may  at  first  occur  along  the 
Aleutian  Islands  meridians  and  later  in  the  Atlantic 

0  c  6  0,33. 

According  to  investigations ' conducted  by  Namias 
the  transfer  of  disturbances  from  the  Pacific  to  the 
Atlantic  Ocean  occur  approximately  on  the  fifth  or 

seventh  day.  ,  ;  , 

Therefore  by  constantly  watching  the  character¬ 
istics  involved  in  the  exchange  of  air  taking  place 
in  the  hemisphere  and  comparing  it  with  the  trans¬ 
formation  charts, and  also  after  studying  the_ regular¬ 
ities  and  interactions  of  the  processes  within  the 
hemisphere,it  is  possible  to  forecast  the  trend  of 
the  transformation  of  the  initial  form.  That  fa, 
where  the  initial  form  Y/  will  become  transformed 
into  the  C  form  or  the  E  form,  etc.  A  knowledge  of 
this  has  an  important  bearing,  not  only  for  making 
the  seasonal  scheme  showing  the  continuity  of  the . W, 

C  and  E  forms  more  detailed  and  precise,  but  also  for 
a  timely  amendment  of  the  forecast  already  in  effect, 
if  it  proves  to  be  incorrect.  This  question  will  be 
discussed  in  more  detail  below.  _  _  . 

At  this  point  we  will  examine  how  it  is  practical¬ 
ly  possible  to  observe  the  characteristics  of  the 
change  of  air  in  the  hemisphere  over  prolonged  periods 
of  time.  This  problem  could  be  solved  by  plotting 
daily  isallobar  charts.  Such  a  method  however  is 
unsuitable  for  analyzing  pressure  changes  over  pro¬ 
longed  periods  of  time  f several  months) .  The  annual 
course  in  the  changes  of  pressure  in  this  case  could 
conceivably  overlap  the  changes  in  pressure  produced 
by  a  given  macroprocess  which  would  not  permit  the  con- 
considerafcibh  of  .features  inherent  in  the  latter  that 
are  peculiar  iio  the  specific  seasons'. 

In  connection  with  that  G.  Ya.  Vangengeym  pro¬ 
posed  a  method  for  plotting  integral  curves  of  daily 
pressure  anomalies.  They  were  plotted  in  the  follow¬ 
ing  manner.  Daily  data  pertaining  to  pressure  were 
compared  with  the  monthly  norm  for  eqch  individual 
station  and  deviations  from  the  norm  were  determined 
which  were  then  algebraically  summarized.  The  values 
of  these  sums  were  plotted  against  ordinate  axis  and 
the  days  were  plotted  along  the  X-axis,  A  curve 

was  drawn  along  this  data  which  is  known  as  the  in¬ 
tegral  curve.  During  periods  when  this  curve  was 
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ping  the  pressure  was  bil'ow  rj^the  ure1*  WaS  dr0p- 

to  the  normal  level  zero  devlaMons'  we“e  StaU^n/™  e<Jl,al 
sequently  the  curve  followed  a  course  paralioihS  ihl  °°?~ 
ajis .  The  inclination  of  the  c^e  foimrds the  r  "X  ' 

S^resE!  ^  lntenaity .«  the  increasing  or  decreas-^ ' 

and  to  IS  lLtlZriZtTe%t°ae^\i 
every  day  according  to  the  data  of  this  group  S 

presentatiSnfo?e-D^c,1?lteS^al  curve  Provides  a  visual  re- 

bKl||~S“r“r:S“ 
KV® 3SSS2SST 

theV^t^th  Sl“vtSo“hJSEeSo1mnand 

hemisphere  ,there  £Tl^  Jjgfonf  Svinl  ?»»»«>«» 
in  pressure  (increase  o/deEle)  .  Ke^eXo^tS?86 
changes  is  greatest  at  the  center  of  t£f  is5<  ^  i  these 

^nd  it  is  smallest  along  theifSr?pheries  S  «o?t?n0nS 

Se^hn£irrons  o?%* " ™^!s 

inen  tne  changes  in  pressure  in  those  a»paq  »ri  \ 

ize  the  entire  rec-iori  >,a,„-nc  t-  iT  f-eas  will  character- 

dimensio-s  it  wn  ?  S2  ***“«,  sxmilar  changes  and  in  its 
umensiu.  .s  it  will  be  maximal  .  m  order  to  r<=>fi  «„+•  t-w, 
minimal  changes  also  •  .it  is  no  =,  a  i  v,i  0  •).„  .  f  fle°t  the 

the  periphery  of  the  indicated'  reKlon3  as  wen  P°i?« S  °n 
binea  value  of  the  curves  for  ttoSse?lcted  points JS* 

inherent1 in* t he^ ch toraP 1 ^  characterize  the  basic  features 

circumstances  \vhcre  the°7/  PomWohangesh|ndethePye?o  Unde5 
the  W  Form  changes  into  the  c  Fom  E  POm  and 

ations  aMSSnarpo^SfL^e^Ll^Sed1??™  SL^Sgl"' 

Jn1heh:  Prd°m^ant  “Jd-lty  were^ocItM1 

in  the  same  regions  of  the  Unisphere  which  were  already 
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selected  as  indicative  for  the  transformations  of  the  W 
into  the  E  form  and  the  W  into  the  Q  form. 

As  indicated  above  (Paragraph  I,  Chapter  III) 
typical  pressure  chants  are  plotted  on  the  basis  of  a 
comparatively  limited,  number  of  months  during  which  an 
exceptionally  strong  development  of  the  processes  _  in¬ 
volving  a  given  form  took  place.  In  order  to  verify  the 
degree  of  representativeness  of  the  selected  points  on 
the  basis  of  material  that  encompasses  ail  types  of  pos¬ 
sible  transformations  the  author  conducted  the  following 
work.  Charts  showing  anomalies  of  the  average  monthly 
pressure  for  all  months  from  1891/ to  1955  were  examined . 

A  dot  chart  was  plotted  by  entering  the  centers  of  all 
areas  with  positive  and  negative  anomalies  that  were 
observed  in  every  one  of  the  indicated  charts.  Further¬ 
more  the  number  of  dots  in  every  ten  degree  square  was 
counted  and  these  figures  were  used  to  draw  the  Isograms. 
It  turned  out  that  the  maximum  number  of  centers  was  ob¬ 
served  in  those  regions  of  the  hemisphere  which  contained 
the  dots  that  were  selected  earlier  on  the  basis  of 
transformation  charts  used  in  the  plotting  of  integral 
curves. 

This  climatological  processing  of  the  material  was 
used  to  prove  the  representiveness  of  the  selected  ten 
dots,  /See  ’Tote/  which  are  seen  in  an  illustration  given 
in  the“first  part  of  this  book.  This  illustration  also 
gives  a  schematic  representation  of  the  basic  troughs  and 
ridges  peculiar  to  the  V /,  C,  and  E  Forms  in  the  troposph¬ 
eric  layer.  A  comparison  : among  than  proves  that  the  major 
ity  of  the  dots  are  situated  under  the  indicated  ridges 
and  troughs.  It  is  therefore  understandable  why  the 
maximum  changes  of  pressure  and  the  predominance  of  the, 

Qf  and  E  Forms  are  observed  specifically  in  these  re^- 
gions  of  the  hemisphere.  They  occur  because  it  is  in 
this  area  that,  when  the  E  Form  transforms  into  the  C 
Form,  for  example,  a  major  reconstruction  of  the.  fields 
takes  place  throughout  the  tropospheric  layer  (and  ac¬ 
cording  to  the  available  data  in  the  lower  stratosphere) 
which  leads  to  a  substitution  of  ridge  with  a  trough 
or  a  trough  with  a  ridge.  Inasmuch  as  the  surface  pres¬ 
sure' is  the  weight  of  the  air  column^.the  reconstruction 
of  the  high  level  fields  must  also  be  inevitably  reflect¬ 
ed  in  a  change  of  surface  pressure  which  is  recorded  by  a 
corresponding  course  of  the  integral  curves. 

ATote/More  precisely,  ten  groups  of  dots. 

Therefore,  it  is  possible  to  see  which  regions  of 
the  hemisphere  have  a 'rising  pressure  and  which  regions 
have  a  decreasing  pressure,on  the  basis  of  the  integral 
curves . 
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atiorsf  <Xe°s  3Lrzevlth  **?**»*<**- 

transfo°  f?™  S?  14?a  regarding  the  direction  of  the  P°3" 
transformation  involving  the  initial  form  and  also  to  de- 

rmine  the  regions  of  the  hemisphere  where  the  features 
of  the  new  form  initially  occurred  and  to  observe  the 

hemisphere^  th63e  dlsturbanoaa  into  other  regions  ofghe 

Tbe  selection  of  circulation  homologs.  In  order 

iLe  MMt  i the  manner  °f  selecting  homologs  let  us  as- 
l3  ne°essary  to  select  circulation  homologs 
f  ?erlod  from  October  to  February  of  a  certain  year 
PAr-i-^illS  P^P0^  it  is  necessary:  1)  to  separate  the 
continuously  occurring  macroprocesses  into  elementary 
synpptic  processes (E  S  P  ).  The  name  of  each  E  S  P  is 
stabli shed,  and  classified  according  to  one  of  the 
three  forms  of  circulation  W,  C,  or  E  by  using  typical 
cumulative  kenomatic  ESP  charts  that  are  cited  in 
G  *  Ya*  °Pyt  Primeneniya  Sinopticheskikh 
Metodov  k  Izucheniyu  i  unar alrcer i  st  iKe~  Kl imat"a~7E ynp-n ien c e 
™  Application  of  Synoptic  Methdg^^~sggegfnce 
the  Climate  and  of  its  Characteristics)  State  Pnhi  i  q'hinn- 
House  for  Hydrometeorological  Literaturl,  Leningrad,  Ssf. 

2;  tt  is  also  necessary  to  plot  a  graph  of  intec-rsi 
curves  fcr  the  period  from  October  to  February  of  all  6 

£?ntt0tw  pn  dl/Sernt  colors)  •  A  "l inear  representation ” 
the  ^is'of^hP  Ehty?es  ar®  graphically  represented  along 
^S4-SXi  °f  fcbe  abscissa  °P  this  graph  where  the  days  and 
JTra  entered«  The  periods  occupied  by  the  processes 
£  “  ?braI  are  Painted  with  a  red  color,  the  p?ocessIs 

™  CJeTol?r.eei%ll?  MUe  “d  the  the 

in  eve/yU^ggf 

by  the  c,S  Forms  and  to  compile  a  scheme  showtag  their 

continuity’ from  month  to  month.  Let  us  asLg  that  It 
turned  out  to  be  as  follows:  ssume  that  it 


October 


November  December  January  February 


*20  dll  dnb,°  ®  C  into  C 

25  5  31 


C  into  W 
10  28 


nr  1?UmbeLS  ?6iOW  the  letters  indicate  the  number 

of  tg  g^nLSh°.  slv6n  form  took  plaoe  1,1  the  =°“'se 


4)  By  using  a  catalogue  of  the  W  C  E  types  com- 
niled  for  all  days  beginning  with  1891  to  find  autumn -winter 
seasons  during  which  a  continuity  of  the  W  CE  types  was 
observed  similar  to  the  one  that  took  place  during  the  pre¬ 
ceding  period  (October  to  February)  «. 

5) Todefine  one  of  the  following  transformations: 

W  from  E,  W  from  C,  E  from  W,  E  from  C,  etc.,  in 
the  interim  between  October  to  February  and  to  refer  to  the 
corresponding  series  of  charts  for  a  given  transformation 
which  ■  ?  discussed  in  detail  under  number  2  of  this 

paragraph.  Years  tint  entered  into  the  corresponding 
group  will  also  be  homologs  both  in  the  initial  month  and 
in  the  month  preceding  the  initial  one  as  well  as  in  the 


following  months,  , 

6)  To  match.  the  homologs  selected  under  section 
4  this  paragraph  according  to  the  course  of  the  integral 
curves  during  the  period  from  October  to  February  and  ac¬ 
cording  to  the  continuity  of  changes  taking  place  in  the 
ESP,  noted  in  the  linear  representation  of  the  W  C  E 
types.  This  is  practically  done  by  superimposing  the 
graphs  plotted  on  tracing  paper  for  the  preceding  autumn- 
winter  season  over  the  analagous  graphs  of  these  seasons 


of  the  preceding  years. 

V)  To  match  the  year-homolog  selected  in  sections 
4  5  and  6  of  this  outline  with  a  distribution  of  pressure 
and  temperature  anomalies  in  the  hemisphere  for  every  month 
from  October  to  February  which  is  comparahle  with  the  dis¬ 
tribution  of  the  anomalies  in  the  initial  autumn -winter 
season,  October -February.  Those  that  best  match  the 
initial  one  in  the  distribution  of  the  indicated  anomalies 
over  the  hemisphere  are  reserved  for  future  analysis. 

8)  To  carefully  study  ^fche  weather  conditions 
(temperature  and  pressure  anomalies)',  the  predominating 
wind  conditions  etc,,)  in  all  of  the  homologs  selected  in 
paragraph  7  of  this  section,  for  the  region  of  the  hemi¬ 
sphere  for  which  the  forecast  is  being  compiled.  In  doing 
this  special  attention  is  directed  in  that  the  degree  of 
similarity  the  weather  conditions  are  observed  from  October 
to  April  in  that  region  and  that  weather  conditions  that 
occurred  here  during  the  corresponding  months  of  the  year- 


homologs  . 

9)  To  analyse  an  epoch,  8  to  10  years,  directly 
preceding  the  year  which  includes  the  season  covered  by 
the  forecast.  For  that  purpose  the  course  of  the  integral 
curves,  the  diurnal  pressure  anomalies  for  ten  dots  and 
the  course  of  the  curves  showing  the  recurrence  of  the 
W,  C  and  E  Forms  and  the  z  ,  Mix  and  M2  types  are  traced 
on  graph  paper  from  the  graphs  of  the  many  year  course  of 
the  integral  curves  for  the  indicated  8  to  10  year  period. 
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Table  It#  Certainty  of  operational. and  climatological  forecasts  6; 
temperature  anomalies  for.  19h7~19k9* 
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Legend:  a.  Margin  of  error  (degrees) j  b.  Certainty  of  operational 
forecasts  {%)$  c.  Certainty  of  climatological  forecasts 
(%)i  d.  Effectiveness  (%)}  e.  March-May;  f«  June-Septembe: 


Table  5*  ,  Comparison  of  the  certainty  of  operational  and  climato¬ 
logical  forecasts  for  wind  direction  during  March  -  October  19$l~19h9 
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Legend:  a©  Permissible  forecast  error  $  b#  Forecast  certainty  (%)$ 
c»  Operational!  d*  Climatological!  e*  Effectiveness  of  the 


methods 


Exact  coincidences 


Rhumb < 


Matching  the  integral  curves  plotted  on  the  tracing 
paper  with  the  corresponding  many  year  integral  curves, 
epochs  that  are  analagous  to  the  initial  epoch  over  a 
period  of  8  to  10  years  are  found  in  previous  years  of 
the  epoch  or  even  just  for  five  to  six  years.  The 
year  following  such  an  epoch  is  considered  a  homolog 
for  the  year  which  includes  a  season  to  be  covered 
by  the  forecast.  It  is  usually  possible  to  find 
three  to  four  such  homologs ... 

10) .  To  once  again  review  the  homologs  selected 
in  paragraph  8  of  this  section  and  to  establish  whether 
they  include  a  year  or  years  selected  in  paragraph  nine 
of  this  section  as  homologs  for  the  year.  If  such 
homologs  are  found  they  are  especially  marked  as  they 
are  analagous  to  the  initial  one  not  only  in  the  pro¬ 
cesses  of  the  autumn-winter  season,  but  according  to  the 
circulation  background  of  the  year  which  contains  the¬ 
se  seasons,  as  well  as  according  to  the  circulation 
background  of  the  epoch  which  preceded  this  year. 

11)  In  the  homologs  for  the  years  selected  in 
paragraph  nine  of  this  section,  the  types  of  processes 
and  the  weather  conditions  during  months  from  October 
to  February  must  be  reviewed  and  matched  with  such 
processes  for  the  initial  autumn -winter  season.  The 
possibility  is  not  excluded  that  some  of  them  are  anal¬ 
agous  even  in  this  period  of  time  but  were  missed  in 
the  preliminary  selection  of  the  homologs  (stages  3 

to  3) 

'_4*'  A  Method  Of  Compiling^a  J^orcc  .st’fof .  thaySpripg 

Below  we'  will  schematlcaxxy  •e'xamirie  'the'  basic' 
stages  for  compiling  a  forecast  for  the  circulation' 
and  weather  conditions  for  the  period  from  March  to 
June  using  the  regularities  in  the  continuity  of  forms 
as  well  as  additional  criteria.  These  basic  stages 
are  as  follows. 

1)  The  form  of  the  Macroprocess  (Type  W,  C, 
or  E)  which  developed  in  an  anomalous  manner  in  Janu¬ 
ary  and  February  is  determine!  on  the  basis  of  the 
breakdown  of  processes  for  October  and  February  that 
was  accomplished.  In  our  example  these  were  processes 
of  the  westerly  (W)  Form. 

2)  On  the  basis  Of  the  table  given  above  showing 
the  continuity  of  basic  forms  of  atmospheric  circulat¬ 
ion  from  season  to  season. the  form  of  circulation  is 
determined  which  should  occur  in  the  spring.  In  our 
example  after  a  winter  with  the  .  w  Form  processes  of 
the  E  Form  will  receive  an  anomalous  development  by 
spring  (in  April  E  plus  W  and  in  May  "purely"  E  Form.) 
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are  examined  to  determine'^the^orin^ place  ln  December 
westerly  circulation  rtS?r,  T  m  that  gave  rise  to  the 
exaraple7it^r?ginatSd  S^the^^?  February.  ^  m  our 

consider  the  transformation  group  onf  we 

of  the  W  Form  during  January^r  elates  to^hS  ?.  Circuiation 
porcess  and  the  December  processes  relat  p  to ^  niacro- 
ses  that  preceded  the  initial  one  e,J°  the  macroproces- 

the  initial  one  will  be  Februarv  ^hen  th®  month  following 
the  third  will  be  April  the  fonA-h-h^  s®c°n(i  wiH  be  March, 
will  be  June.  *  :  f°urth  wiH  be  May  and  the  fifth 

to  the  initial^ month^n^the^W  from  Januar7  corresponds 

to  the  month  before  the  initial  group  and  December 

distribution  of  pressure  and  -t-o  one  the  charts  showing 
hemisphere  for  tSsl  aSnth? i^®mPerature  anomalies  over  the 
charts  of  these  el^eS?s  for  theTn??-6?^1^  gr°Up  an0*ady 
preceding  the  initial  one  of .  t hi  sli  leS/°nth  a?d  the  month 

days  with  tSTCgranaf|  ** 

one  of  these  forms  during  Februar^  ^umb®p  of  days  with  each 
June  are  determined  The  nr*  March,  April,  May  and 

into  April  anS  fey  eompLSd3  t?at.?a11 

that  wei  _  earlier  predicted  /Par.  v.  ^bpms  of  circulation 

for  these  months  a^lrdinl  to  ?  °J  fchis  action) 

February  (according  to  the  table  vivl^e3^^  °f  Jamary  and 
continuity  of  basic  forms of  c^IUtloTrln^  Sh°WinS  the 
season),  while  the  forms  occurring  in  S hr r a  S8as0n  t0 
pared  with  those  ach  aii-u  f  .  February  are  com- 

the  current  year.  "  7  b  erved  during  a  given  month  of 

for  these  months^  the'proble^i^finall ^ recast  of  ^rms 
basis  of  the  considers  t-i  nr,  J  •  fl^ally  resolved  on  the 
below'  .  The  ?or!caS  If  fO^CZCUl*tl0n  ho^ogs  (see 
Piled  on  the  lasts  of  group  dJtfl/Sb?Ty:JUne  ls  COm- 
made  more  precise  with  the  aid  of  the  hSlLi"1  ls  then 

Winter  sia^fSoSfpSruS?) pt’°“ess*s  of  the  autumn- 
which  was  emailed  TnTetTn  llovl*  Selected  a  method 

every  mont^from^arch^to^SS^^^sf  ^ h5b  lJepe  observed  in 
selected  in  paragraph  5  If ‘ ^slcliln18",^ ^e,ho^°loga 
the  homologs  are  cornea r.e-1  ®crion •  At  first  all 

generai  achLe  of  Staui?w  ofefS  2*5"  in  »°th  the 
March  to  June  and  in  the  number  ofM'0  a”lE  Forma  from 
for  every  month.  ^  days  with  these  processes 
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Let  us  suppose  that  all  the  homolOgs  turned  out 
to  be  concordant  among  themselves.  Then  they  are  com¬ 
pared  with  fonts  that  were  already  forecast  for  these 
months  in  paragraphs  2  and  4  of  this  section;  Let  us  as¬ 
sume  that  there  are  similarities  in  here  as  well.  In 
that  case,  we’ll,  make  a  deduction  that  this  year  the  dev¬ 
elopment  of  process  from  winter  to  spring  will  procede  in 
a  normal  direction.  Next,  the  number  of  days  (individ¬ 
ually  for  every  form)  which  were  observed  for  example  in 
March  of  the  homolog  years  and  on  the  basis  of  the  group 
graphs  of  the  W  from  the  C  .group 'is  averaged  out.  This 
will  then  be  the  final  forecast  for  the  number  of  days 
with  W,  C,  and  E  Forms  for  March. 

An  analagous  method  is  used  to  compile  the  fore¬ 
cast  of  forms  for  the  remaining  months  up  to  June, 

However  in  matching  comparable  hqmologs  with  those 
obtained  in  paragraphs  2  to  4  of  this  section  by  a  prob¬ 
able  forecast,  material  divergencies  may  occur  .  In  that 
case  a  conclusion  is  made  that  during  a  given  year  the 
processes  from  winter  to  spring  will  develop  not  in  ac¬ 
cordance  with  the  many  years  scheme  of .  continuity ,  We 
are  then  dealing  with  an  extremum.  Then  the  forecast  of 
the  W,  C,  and  E  Forms  for  every  month  is  compiled  as  an 
average  number  of  days’ from  all  of  the  selected  homologs. 

Her  '*  we  give  a  preference  to  the  homologs  as  they 
consider  the  peculiarities  of  transforiaat ions  taking  place 
in  the  given  years  (from  October  to  February)  which  could 
have  been  evened  out  in  ,the  statistical  processing  of 
instances  that  entered  into  typical  groups  of  former  and 
new  associations. 

A  third  variant  is  also  possible  wherein  homologs 
are  not  similar  but  are  divided  into  two  groups.  One  of 
them  yields  a  continuity  that  is  analagous  to  the  one 
covering  a  many  year  period,  and. the  other  radically  dif- 
’  fers  from  it.  m  this  exceptionally  difficult  case  the 
first  additional  criteria  is  used,  that  of  considering 
the  interaction  of  processes  and  the  nature  of  air  ex¬ 
change  over  the  hemisphere  (see  above)  during  the  month 
directly  preceding  the  one  covered  by  the  forecast  (in 
our  case,  February)  • 

For  that  purpose  the  genesis  of  the  W  Form  (for 
February)  are  carefully  studied  on  the  basis  of  integral 
curves  of  daily  pressure  anomalies  as  well  as  by  the 
nature  of  the  E.  S.P.  Let  us  suppose  that  the  processes 
of  the  W  Form  during  February  are  altered  in  such  a  man¬ 
ner  that  they  must  be  replaced  by  processes  of  C  Form  in 
March.  After  that  we  study  the  forecast  fotf  March  on  the 
basis  of  both  groups  of  homologs.  While  doing  this  in  or¬ 
der  to  obtain  a  final  forecast  we  dwell  on  that  group  which 
during  March  was  characterised  by  an  anomalous  development 
of  C  Form. 
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Later ,  in  March,  we  continue  to  watch  the  ■ char  acter - 
istics  of  the  development  of  the  macroprocesses  in'  the 
hemisphere.  If  we  will  then  note  that  the  March  C  Form 
is  changing  in  such  a  manner  that  a  type  of  processes  which 
were  forecast  on  a  basis  of  a  given  group  of  homologs  occurs 
by  April  then  the  forecast  remains  in  effect,  in  a  contrary 
situation  the  forecast  for  the  subsequent  month  may  be  altered 
by  using  another  group  of  homologs  if  a  study  in  the  chan¬ 
ges  taking  place  in  the  March  processes  provides  a  basis  for 
the  supposition  that  homologs  of  the  second  group  will  be 
"active"  in  April.  ’ 

It  therefore  follows  that  a  great  advantage  of  the 
method  being  examined  over  other  methods  is  the  fact  that 
this  method  offers  a  possibility  for  compiling  forecasts 
well  in  advance  and  also  provides  a  possibility  to  make  them 
more  precise  on  the  eve  of  the  following  month. 

A  positive  factor  is  also  that  this  method  permits 
utilization  of  not  only  the  best  homologs  but  the  entire 
group  of  homologs  by  shifting  to  another  group  of  them  in 
time  if  this  is  required  by  an  analysis  of  the  accuracy 
of  the  forecast  during  the  current  month.. 

This  basically  completes  the  compilation  of  a  fore¬ 
cast  of  the  development  of  macroprocesses  (of  the  W fC  and 
E  Forms)  for  the  period  of  time  covered  by  such  a  forecast. 
The  next  oroblem  is  the  compilation  of  a  forecast  for 
weather  characteristics  which  should  occur  from  March  to 
June  in  connection  with  the  W  C  and  E  Forms  that  were  fore¬ 
cast  the  successive  nature  of  the  changes  occurring  among 
them. 

7)  By  using  a  series  of  charts  showing  the  pro¬ 
bability  and  the  probable  values  ( see  charts  'A  —  F  given 
earlier  in  the  book)  the  distribution  of  the  temperature 
and  the  precipitation  anomalies  over  the  European  terr¬ 
itory  of  the  USSR' as  well  as  the  anomalies  of  the  thawing 
of  rivers  are  predicted, 

8)  Using  the  group  charts  of  the  average  monthly 
temperature  anomalies  as  well  as  pressure  and  mean  pres¬ 
sure  anomalies  for  the  hemisphere  involving  the  W  from  the  _ 

C  group, the  distribution  of  them  over  the  hemisphere  from 
March,  April,  May,  and  June  are  forecast.  The  prognostic 
charts  for  April  and  May  are  compared  for  the  European 
territory  of  the  USSR  with  the  forecast  compiled  under 
paragraph  7  of  this  section. 

9)  The  weather  conditions  in  the.  hemisphere 
within  the  group  of  homologs  that  was  adopted  earlier 
(paragraph  six  of  this  section)  is  studied  for  forecasting 
the  macroprocess.  Then  the  weather  conditions  within  the 
homologs  are  compared  for  every  month  with  a  forecast  for 
these  same  months  compiled  on  the  basis  of  charts  showing 
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rotidr4l5eo?e^\'S0?  t0  June  S°°4  forecasts  com- 

prisea  ^oy0  or  the  total  number  of  foreeaqfq 

forecasts  38# ,  poor  forecasts  ]W  _^sts  satisfactory 

V' r,. x°: reca st;s»  .19%.  The  number  of  fore- 

lower  than^fro^the^period.  frombApril  .  W**' 

1947 8 to  1949  t1a?le  ab0ve>  occurred  for  the  period  from 

(April  to  October)  36*  o?  forecaSs  wXe'goo F 
were  satisfactory  ard  26#  were  poor  .  were  good,  41* 

the  Method. Pr°SPeCtlVeS  f°r  the  ^ther.  Development  of 

is  base^on0^1^^?^  ?b0ve  that  the  examined  method 
-nt  of ( ithe  gen  St? 

consideration  of  the.  local -synoptic  peculiarities^?  tSe 

refi??  c°ve?e^  the  forecasts  and  of  its  meteorological 

ation  0fathIeiLjS  ^  *  bb0r0uSh  analysis  and  consider- 
f  the  characteristics  of  the  preceding  macro- 

processes.  This  from  oar  point  of  view  is  the  Statical 

prospective  the  given  method  as 

prospective ,  This  conclusion  is  also  substantiated  hv 

method  SSh^Vi°btalnie(i  the  Practical  application  of  this 
m  thod  which  was  already  discussed  in  detail  above 

on] v  aaThee?r\Seni  stabe  ?f  the  method  must  be  considered 
CJr.rT1as  a  stage  m  its  development.  There  are 

stili  a  considerable  number  of  .questions  and  problems 
that  must  be  resolved  The  principle  ones  arf?s  fSHows: 

1)  A  more  detailed  breakdown  of  the  forecasts 
according  to  periods  of  similar  circulation.  At  the 
present  time,  the  forecasts  are  issued  in  the  form  of 
mean  monthly  character  is  tic  s  of  thermal  pr  essuS  a?d 

Win?  ^J3?  A  <ietai:,e^  breakdown  of  the  elements  is 
accomplished  only  on  tne  basis  of  ten  day  period  ® 

even  then  without  adequate  methodical  elaboration  There 
£££ task  is  the  establish  ofS? 
guiari  ies  in  the  development  of  the  W  C,  and  T,  Forms 

fS?i  deballed  breakd°wn  of  the  forecasts  for 

culationP1V  m  ths  ^CCOrding  to  periods  of  similar  cir- 

•  t  ?!  Consideration  of  the  intensity  of  atmospheric 
circulation.  Basic  errors  in  the  forecasts  of  temper- 

witheaaS?T1S^eSirelate  t0  the  degree  of  the  anomalies 
with  a  relatively  successful  forecasting  of  their  value 

cast  o?  th£°Sn^WK°f i the  fa?fc  that  with  a  correct  fore- 
°£rtthe  general  (background)  characteristics  of  the 
macroprocesses  the  intensity  of  the  processes  are  not  al¬ 
ways  taken  into  full  consideration.  1 


Ill  Method  of  Long-Range  Forecasts  for  Short  Periods  in 
Advance . 

Long-range  forecasts  Of  the  weather  for  short  per¬ 
iods  in  advance  with  the  aid  of  the  macracirculatioh,,  methpd 
were  first  used  beginning  in  1946.  This  method  was  primar¬ 
ily  based  on  the  utilization  of  homologs.  .  ...  .. 

In  the  following  years  M.  Kh.  Baydal,  N .  A.  Aniskana, 
L.  A.  Dydina  and  others  completed  a  number  of  investigations 
in  studying  the  irregularities  of  the  continuity  of  the 
ESP  and  the  types  of  weather  associated  with,  them.  The  . 
results  of  this  investigations  were  partially  generalized 
in  Dydina,  L.A.,  0  Printslpakh  Sostavlenlya  Dolgosrochnykh 
Prognozov  pogody  Maloy  Zablagovremennospi  Diya  Ark  tiki  (En 
‘the  Principals  of  Compiling 'ExtendW'lveather  Forecasts  for 
the  Arctic  Region),  "Water  Transport"  Publishing  House, 

1958.  It  must  also  be  noted  that  the  most  concrete  and 
tangible  results  of  the  investigations  relate  to  the  method 
of  forecasting  for  the  first  E,  S.  P«,  i.e.  the  nearest  three 
to  four  days.  As  far  as  the  forecast  for  the  second  and 
third  E.  S.  P.  are  concerned,  up  to  the  present  time  their 
compilation  is  based  on  the  utilization  of  homologs. 

Forecasts  for  a  period  of  from  8  to  10  days  provide 
a  chart  showing  the  average  distribution  of  pressure  for 
every  E.S.P.,  the  basic  trajectories  of  cyclones  and.anticyc- 
1 ones,  the  dominant  wind  directions  (in  quarter  sections 
of  the  horizon),  the  degree  of  v/ind  deviation  from  the 
dominant  directions,  the  course  of  the  wind  dur  ing  the  8 
to  10  day  period  covered  by  the  forecast  (the  wind  data  is 
given  at  the  beginning,  the  middle  and  at  the  end  of  the 
period),  the  vYind  velocity,  course  of  the  wind  by  days  dur¬ 
ing  the  first  three  days,  the  predominant  and  extra.,  air 
temperature  values. 

Forecasts  covered  in  an  8  to  10  day  period  are  reg- 
ularly  made  more  precise  both  by  compiling  three  day  fore¬ 
casts  and  by  means  of  an  overlap  of  the  irregular  forecasts 
of  the  last  few  days  of  the  preceding  forecast  period.  Let 
us  now  examine  the  regularities  that  form  a  basis  for  the 
method  and  we  shall  demonstrate  how  forecasts  are  compiled 

on  their  basis.  ,  „  .  .  .. 

1.  A  Study  of  the  Regularities  in  the  Continuity  of 

the  E.S.P.  and  the  Weather  Conditions  Associated  with  them. 

At  the  beginning  of  this  chapter  it  was  pointed  out  ; 
that  the  irregularities  inherent  in  the  continuity  .of  the 
E.S.P.  which  must  form  a  basis  for  the  forecasts  for  short 
periods  in  advance  must  be  studied  on  the  background  of 
more  extensive  transformations  of  the  W,  C  and  E  Forms;  the 
E.S.P.  are  the  elementary  stages  of  those  forms,  ket  us 
know  el lucid  ate  this  principal  in  somewhat  greater  detail. 
For  this  purpose  let  us  select  several  Januaries  from  the 
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catalogue  where  the  entire  month  was  dominated  by.  the  same 
macroprocesses,  for  instance  of  the  W  Form,  By  comparing 
the  E .S.P .  with  the  nature  of  their  successiveness  all  of 
which  Oc cur  during  this  month  we  shall  easily  pr ove  that 
they  not  infrequently,  are  quite  different.  A  natural  cues— 
tion  arises  -  how  pan  it  b.e  explain  e  i  that  the  processes 
of  the  same  form  occurring  in  the  same  month  can  consist 
of  different  elementary  stages  (E.S.P.). 

An  investigation  of  this  problem  has  indicated  that 
the  nature  of  the  E  . S.P  ...and  their  successiveness  depend 
on  which  of  the  chains  of  the  more  prolonged  dominant  fea¬ 
tures.  gave  rise  to  the  given  form.  For  instance  in  an  exa¬ 
mple  examined  in  Girs,  A.A.,  Meteorol  i  C-idrol .  (Meteor¬ 
ology  and  Hydrology),  No.  e,  I5bt>,  processes  of  the  W  Form  . 
during  January  of  1932  arose  from  processes  of  the  E  Form 
in  November  and  the  W  plus  C  Forms  in  December.  Sub¬ 
sequently,  they  transform  into  the  C  Form.  Processes  of  the 
h  Form  in  January  of  1916  arose  from  the  W  plus  C  Forms  in 
November  and  the  W  plus  E  Forms  in  December,  and  transform¬ 
ed  into  E  Form.  A  scheme  of  these  transformations  is  as 

•  November  December  Januarv  Fshmaw  M=r.^ 


1931/32 

1915/16 


/  ^lljt  cii 


FW16 


January 
->  ^6  - 
•-.)  wg 


February 
->  g26  “ 


March 
-jC-,,  ,  W. 


hi +  *12 — +•  wio 


Therefore  the  vr-  and  P/1 1  . 

cesses  ,1  WH  relate  to Tir^t  vzrtglL 
(see  Paragraph  four,  section  1,  of  chapter  three?! 

S  rS/lF*  f  ea- 

fp  h  the  processes  that  preceded  them  and  the 

difS^nf  ^  processes  that  follow  them.  Both  of  which  are 
different  m  each  case.  Therefore  it  follows  that  if 

I  “we 3caLot ' If oL“  IT ffta 

successiveness  of  the£?  ctanges.  SlV9n  m°nth  ^  the 
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Therefore  in  selecting  homologs  for  "small  scale"  processes 
we  cannot  limit  ourselves  •  'to.  a  comparison  of  processes 
and  weather  characteristics  for  just  that  short  period  of 
time.  It  is  necessary  to  select  at  first  the  analogous 
processes  on  a  basis  of  the  general  background,  i.e.  on 
the  basis  of  more  prolonged  transformations  of  the  W  C  and 
E  Forms  and  only  then  to  find  analogous  processes  for 
shorter  periods  of  time  (eight  to  ten  days)  from  among 
them , 

Proceeding  from  this  basic  principal,  L.  A',  Dydina 
studied  the  peculiarities  of  the  pre'ssur’e  rields  and,  the 
weather'' conditions  associated  with  them  in  the  arctic 
region.  On  the  basis  of  material  covering  a  prolonged  number 
of  years  (from  1939  to  1953)  L.  A.  Dydina  conducted  a 
typification  of  the  baric  field  according  to  the  E  S  P. 

The  latter  are  classified  into  16  basic  and  nine  sup¬ 
plementary  types,  which  are  then  classified  into  six’ 
typical  groups  (a,b,c,d,e,f)  ,  The  dominant  winds  at  a 
number  of  stations  located  in  the  region  covered  by'  the 
forecast  and  its  course  from  day  to  day  is  shown  for  each 
one  of  these  groups. 

Fur tbermor e,  typical  groups  of  the  ESP  that  were 
established  were  taken  as  the  initial  condition  and  studied 
as  a  probability  that  a  given  process  will  reoccur  in  the 
E  S  P  as  well  as  a  probability  that  it  will  be  replaced 
by  every  one  of  the  other  typical  situations.  As  a  result 
statistical  characteristics  depicting  the  continuity  of 
the  ESP  were  obtained,,  and  which  are  utilized  for  fore¬ 
casting  the  type  of  processes  for  the  next  E  S  P. 

Further  investigations  permitted  L.  A.  Dydina  to 
reveal  which  typical  situation  is  most  likely  to  o  '-nr  under 
the  various  forms  Of  atmospheric  circulations  (  W,  C  or  E) 
and  to  relate  these  typical  situations  with/the  characteris¬ 
tics  of  more  prolonged  i,tr^ns£dhmtaOhscr  s  of  the  E  S  P  and 
W  C  and  E  Forms, 

2,  Additional  Criteria  Utilized  in  Compiling  Forecasts  for 
■  the  First  Three  Days  of  the  Forecast  Period, 

In  addition  to  the  regularities,  inherent  in  the 
continuity  of  the  E  S  P  and  their  association  with  trans¬ 
formations  of  the  W  C  and  E  Forms  a  number  of  other  depend¬ 
encies  obtained  by  •varicu  s  authors  are  also  used  in  com¬ 
piling  forecasts  for  the  first  three  to. four  days.  With 
the  aid  of  these  additional  criterias  it  is  possible  to  com¬ 
pile  a  scheme  showing  the  development  of  synoptic  processes 
for  the  first  ESP  (three  to  four  days)  which  may  then  be 
compared  with,  the  forecast  scheme  for  these  same  days,  that 
was  obtained  on  the  basis  of  other  data  (homologs,  E  S  P 
continuities  on  the  basis  of  typical  groups)  .  ' 

The  additional  criteria  include  the  following 
dependencies: 
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Di stribut ion  of  the  source  no  nf*  Vicvq-i-  , 

within  a  troposphere  in  the  initial  %  ?  v  h!  c°ld 

•w.‘S  thr^£cefp?£s“ 

o high'level^pressure^ield^1' 

initial Advec t ion  of  air  flows  in  the  troposphere  of  the 
mitiai  r,  S  P  and  their  relationship  with  chances  in  fh<=  nS 
ground  d®y el  pressure  during  the  subsequent  ESP- 

(d)  The  mutual  position  of  the  horizontal  ’ nr p«imP 
and  temperature  gradients  in  the  initial  E  S  ?  Sd  thfir 

fpf 6  0han88S  ta  SUrfaoe  pressJeXtaHhe 

the  troposphere  and  those  olose  to  the  S.iS  Srth 

associations!  brlefly  exa“Ine  eaoh  <*  the  indicated 

Distribution  of  the  sources  of  heat  and  cold  in  -t-v,o 
troposphere  during  the  initial  E  S  P  and  their  association 
with  the  distribution  of  basic  pressure  fields  in  the  next 

,  .  / !  K%1*  Kastan  and  M.  V.  Gritsenko  investigated  the 

interdependence  between  the  day  to  day  shift  of  the  Ground 

^eL?rSre  SySt®m  oenters  with  the  distribution  of  Sat 
^  oux>ce  regions  in  the  troposphere.  Thev  the*rp}w 
that  cyclones  usually  shift  in  the  direction7 
,0n  under  outcrops  of  heat  in  the  troposphere  while  the 
anti-cyclone  shift  in  the  direction  of  andmdlrXtLJps 

L.  A.  Dydina  ?x  dicated  that  this  int erdeuendenop 
may  be  expanded  over  a  period  of  time  longer  th^n  oa 

*>  «»  E  s  P.  “!r  tMTPS;SaeS4staUr3’ 

CUJ™flative  maps  showing  the  sources  (outcrops)  of 

0  ,?L  d  2^ld  6achE  S  P  fo*  1948  to  1955 .°Upurthermore 
a  demarcation  line  was. plotted  on  these  maps  that  was  de 

rived  irom  the  surface  cumulative  map  of  the  subsequent 
A  .J*  tur*ed  0ufc  that  this  line  coincides  well  with 

tweeu  ?itlQn  °f  the  demarcati°n  line  that  was  drawn  be¬ 
tween  the  sources  of  heat  and  cold  for  the  initial  F  I  P 

As  a  result  of  the  calculations  that  were  conducted 

ind^ld^af b^Ind^O  Vof^  £t?J  ^TfcV^  ^ 

r^nVil  ir.nd  levsl  ^  »«"y3Sc 

The  application  of  this  dependence  in  practical 
W2rki?f  compiling  forecasts  for  the  E  S  P  yielded  positive 
results.  The  planimetery  of  the  prognostic  and  factSal 
pressure  fields  which  had  coincident  s^tolf  inl^SSd  that 
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absolute  coincidence  among  them  amounted  to  65$. 

Advective  exchange  of  air  masses  in  the  tropo¬ 
sphere  and  the  changes  of  surface  pressure  in  the  initial 
ESP  and  their  relationships  with  the  characteristics  of 
the  upper  pressure  field  of  the  next  E  S  P.  N.  A.'  Aniskina 
determined  that  those  parts  of  the  upper  Pressure. field 
of  the  initial  ESP  where  an  advective  exchange  of  heat  is 
observed  in  the  troposphere  with  an  increasing  pressure  on 
the  ground  surface  the  subsequent  ESP  includes  the  for¬ 
mation  of  an  upper  trough  or  a  intensification  of  a  trough 
that  already  existed  there.  The  certainty  of  this  inter¬ 
dependence  amounts  to  70$.  If  the  increase  (decrease)  of 
pressure  at  ground  level  however,  during  the  initial  ESP 
corresponds  to  an  advective  exchange  of  cold  (hot)  air 
at  the  upper  level  then  by  the  next  E  S  P  the  upper  500 
mb  field  will  change  in  63$  of  the  cases  within  plus  or 
minus  five  decameters  and  in  37$  of  the  cases  it  will  . 
change  more  than  plus  or  minus  5  decameters. 

Such  a  dependence  is  explained  by  the  fact  that 
in  a  case  where  there  is  an  advhctive  exchange  of  heat  in 
a  dynamic  increase  at  ground  level  pressure,  both  these 
factors  are  conducive  to  an  increase  in  pressure  aloft, 

■ijs.,  to  a  intensification  (or  the  occurrance  of  a  new) 
ridge  in  the  next  ESP. 

In  an  analogous  manner  when  there  is  advective 
exchange  in  the  troposphere  and  a  dynamic  drop  of  ground 
level  pressure  conditions  that  are  conducive  to  the  deep¬ 
ening  of  the  existing  trough  or  the  o.ccurrance  of  a  new 
one  in  the  next  E  S  P  are  created, 

Advective  exchange  in  the  troposphere  of  the  initial 
ESP  and  their  relationship  with  the  changes  in.  r...  face 
pressure  during  the  subsequent  E  S  P.  N.  A.  Aniskina  and 
L.  />  .  Dydina  in  analysing  the  data  for  1939  to  1950  (  for 
<hune  to  October)  for  the  Atlantic-Eurasian  sector,  deter¬ 
mined  the  following  rule;  if  the  initial  ESP  includes 
a  simultaneous  combination  of  the  advective  exchange  6f 
heat  (advective  exchange  of  cold)  at  the  500  to  1000  mb 
level  and  a  divergence  (convergence)  of  isohypses  at  a  level 
of  700  mb  then  the  following  ESP  will  include  a  decrease 
(increase)  of  surface  pressure  in  this  region  in  92$  of 
the  cases. 

Individual  studies  of  the  advective  factors  indicated 
the  following: 

(1).  In  67$  of  the  cases  after  an  advective  exchange 
of  heat  (cOld)  during  the  initial  E  S  P,  a  decrease  (increase) 
in  surface  pressure  in  that  region  is  observed  during  the 
next  ESP.  In  24$  of  the  cases  such  a  relationship  is  not 
observed  and  in  9$  of  the  cases  in  the  next  E  S  P  does  not 
change; 
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(2)  In  80$  of  the  cases  after  a  convergence  ( diver*- 
isobypse  during  the  initial  E  S  f  S  teereaee 
(increase)  of  surface  pressure  in  a  given  region  is  ohsfewpfl 
during  the  following  ESP.  m  lt%  If  the  efses  such  a 
corresponding. reaction  is  not  observed  and  in  6%  of  the 
cases  the  pressure  remains  unchanged. 

P°sJtion  horizontal  pressure  and  tern - 
?r?d;1®nts  ^  the  initial  ESP  and  their  relat- 
l  nship  with  changes  of  surface  pressure  during  the  next 
"  ?  f .*  A.  Aniskina  and  L.  A.  Dydina  investigated  the 
relationship  between  the  position  of  temperature  gradient 
obtained  from  a  500  to  *)00  mb  chart,  o/tS  £eSS5e 
gradient  on  the  surface  during  the  initial  E  S  P  on  the 
basis  of  material  from  1939  to  1950  with  changes  in  surface 

85?So?’Jv, during  the  next  E  S  P.  It  appeared  that  in 
85/0  of  the  cases  when  the  initial  ESP  contained  a  tem¬ 
perature  gradient  which  deviated  to  the  right  (left)  of 
the  pressure  gradient  a  decrease  (increase)  in  surface 
pressure  was  observed  in  these  regions  in  the  next  ESP 

The  relationships  between  pressure  changes  in  -t-vio 
troposphere  and  by  .the  surface  of  the  earth  B  P 

of  nnp  indlc^ted  that  during  the  period  of  the  d*evelopment 
of  pressure  formations  the  magnitude  of  the  change  in 
the  absolute  gerapotential  of  the  pressure  surfaces  in 

Up-  The  oganees 

at  a  leiel  of  300mb.  in  cases  where  the  pressure  form- 
aliens  are  destroyed  the  magnitude  of  the  cblnS  in  tte 
absolute  gerapotential  decreases  with  altitude  The 

?oS“.0hanE9S  111  tUs  °ase  are  rec°rded  at  a 'level  of 

or  weakening  of  presage  f cmaMoTs^f  arfc^—e^d 
b^  the  relationships  between  change  ard  altitude  between 
the  gerapotential  as  indicated  above  may  be  considered  as 

sh6p  o/these  formations3 

in  zne  next  E^s  P.  Pop  that  purpose  cases  of  deeneninp* 

cyclones  and  intensifying  anticyclones s  where  the  changes 
an  pressure  are  close  to  the  surface  of  the  earth  wiTf 
less  than  those  a£  altitudes  of  500  mbs  (cumulative  changes 
were  examined).  Then  the  evolution  of  these  pressure  2 
formations  in  the  next  E  S  P  were  studied.  DecSyW 
cyclones  and  weakening  anticyclQnog  -j  which  had  a  total 
sum  of  pressure  changfs  cloeerto  the  ground  greate?  than 

(totasX  &«*$£*£  '^  ******  mow* 
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It  turned  out  that  in  75$  of  all  cases  (out  of  31cases) 
of  cyclones  and  84$  of  all  cases  (out  of  31)  anti-cyclones 
changes  in  pressure  formations  that  began  to  take  shape  in 
the  first  E  S  P  where  preserved  in  the  next;  E  S  p  as  well. 

Therefore  this  rule  may  be  usedriri  fore  casting  the 
evolution  of  clearly  expressed,  pressure  formations  for  the 
next  ESP  period, 

3,.  Method  for.  Selecting  Homologs . 

As  already  indicated  above, in  compiling  forecasts  for 
a  period  of  ten  to  eight  days  on  the  basis  of  a  macrocircul¬ 
ation  method  the  circulation  hcmologs  are  also  used.  There¬ 
fore  let  us  examine  in  somewhat  greater  detail  the  method  of 
selecting  homologs  for  an  extended  forecast. 

Let  us  assume  that  we  must  compile  a  forecast  for  a 
period  of  from  1  to  10  August  of  scone  year  ,  In  that  case 
the  initial  processes  for  the  forecast  will  be  those  observed 
in  the  third  to  ten  day  period  of  July.  Selection  of  homo¬ 
logs  for  these  processes  may  be  represented  as  follows: 

(1)  A  breakdown  of  the  processes  into  E  S  P  for 
June  and  July  is  made  on  the  basis  of  diurnal  charts  of  the 
hemisphere  in  every  one  of  the  ESP  are  classified  as  a 
certain  form  of  circulation  (W%C  or  E)  .  Let  us  assume  that 
during  ju/'y  processes  of  the  C  Form  were  observed  for 

31  days  (C3l) • 

(2)  A  ten  point  integral  curve  graph  is  plotted  for 
June  and  July,  in  which  the  ESP  and  the  W#C  E  types  are 
shown  along  the  x-axis. 

(3)  The  form  circulation  which  was  forecast  for 
August  in  the  long  range  forecast  is  taken  into  cv._  J.der- 
ation.  Let  us  assume  that  an  anomalous  development  of 
processes  of  the  E  Form  were  forecast  for  August .  In  that 
case  the  processes  of  the  first  ten  days  of  August,  covered 
by  the  forecast  must  develop  on  the  background  of  the  fol¬ 
lowing  more  protracted  transformations  of  the  W fG  E  Forms: 

June  July  August 

W.  --- - - ->>  C  E 

(4)  The  catalogue  Is  used  to  find  instances  that 
occurred  In  past  years  where  an  analogous  sequence  of 
circulation  forms  and  an  analogous  course  of  curves  during 
June  and  July  were  observed. 

(5)  The  ESP  for  the  third  ten  day  period  of  July 
is  carefully  analysed  for  the  nature  of  the  macroprocess  In 
the  hemisphere  and  in  the  forecast  region.  At  the  same  time 
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it  is  determined  which  type  of  pressure  field  (according  to 

blfwe ftaftS'  t0  th6  la3t  B  3  P  that  °^red 

*  S  P 

Extended  Weather  Forecasts  for  the  Arctic  Region" 
"Water  Transport  Publishing  House  1958".  It  S  deoidM  wbi^b 

ST r£.f-Tp  5  re«,10n  13  tha  ^‘t^obablfd^ring 

ne^iirst  ^  S  P  of  the  forecast  period  which  was  nrpvtni  qi  ® 

theJrCq6p  ?n  the  ^asis  of  data  regarding  the  continue  0f 7 
the  ESP  (according  to  L.  A*  Dydina) .  *  1 

_  J?*.  Pe?uses  during  the  third  ten  day  period  in  Tul  v 

h?-°logs  are  analysed  and  those  homologs  are  found 

tain  E  ??  P6ri0d  haVG  been  obslrved  to  cSn- 

tain  ESP  which  closely  resembles  those  in  the  initial  tPn 

day  period  both  in  their  characteristics  and  the S  success 
iveness  in  the  hemisphere  and  in  the  forecast  region  as  well 
.  Z*  Those  homologs  selected  under  paracranh  six  of  * 
th1S  section  which  in  the  firsts  3  P  of  thfSt  llast  SeSiod 
Cnha  t2pe  QP  macroprocesses  in  the  hemisphere  ani  in  the 

CSfSSS  Pefni0|  Khl-h  *1  analoS°"s  to  the  one  oS5to“d  fir 
?  P  ?n  a.basl?  of  a  scheme  of  continuity  and  ad- 
c^*iterias^  (see  paragraph  five  of  this  section) 

The  homologs  selected  in  this  mamer  are  utilized  foi  th^ 

llfi  Sw2  ?f  \foreoost  for  the  nature  of  wXSer  Lll 
cesses  both  for  the  first  three  to  four  days  aid  fir  the 
eight  to  ten  day  period.  *  r  zne 

Schfme  f°r.the  Epilation  of  Forecasts  for  a  Three 
to  Pour  Say  period  and  an  Sight  to  Ten  Day  Jerildt 

Compilation  oi  a  forecast  for  the  nature  of  smoniiv 
processes  and  weather  for  an  eight  to  ten  dlTteZiod^n t  L,r 
by  day  detailed  forecast  for  th!  first  threfdafs  VSe  7 
described  in  terms  of  the  following  basic  stages;  7 
cont^ns  |  Tb-J  P^ocssses  occurring  during  the  month  which 
5v>  h  the  ^ltlal  ten  day  period  and  those  contained 

ation  anrie^Seding  m°nbh  are  analysed.  The  form  or  circul- 
abl°£  and  the  successiveness  of  the  ESP  are  established 

“fienT  fQm  °f  <>*«*•**<*  during  t“t?lo„- 
taming  the  ten  day  period  covered  by  the  forecast  is  de 
rived  from  the  extended  forecast.  •  1S  de 

<->0  4.vq  ^  .  Tb-e  tyPe  of  Process  during  the  first  ESP 
f  the  period  covered  by  the  forecast  is  determined  on  the 
basis  of  schemes  showing  the  continuity  of  the  ESP  and 
also  on  the  basis  of  additional  criteria. 

(3)  The  homologs  are  selected. 

_ ,  .1^'  Tbo  group  of  homologs  selected  under  sten  y 

above  the  weather  conditions  in  the  regiol  ^Sel  ly  ?he 
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forecast  are  analysed  on  the  basis  of  data  from  representative 
weather  stations.  At  that  time -the  pr edom inant  wind  direct¬ 
ions  are  established  as  well  as  the  most  likely  wind,  dev¬ 
iations  in  every  section  of  the  region  are  determined  /jsee 
Mote/as  well  as  the  wind  velocities  and  possible  wind  velo¬ 
city  limits,-  .  .  ; . 

/Hot e/Sect ions  of  the  region  are  determined  on  the 
basis  or  a  "similarity  in  the  process  and  in,  the  weather , 

They  alternate  from  forecast  to  forecast. 

For  this  purpose  it  is  convenient  to  use  complex 
graphs  /See  Note/ showing  the  course  Of  meteorological  elements 
from  period  to  period  which  must  be  compiled,  for,  every 
weather  station  in  the  region  for  all  months  of  the  avail¬ 
able  number  of  years.  Examining  such  graphs  (they  are  usually 
compiled  on  especially  lined  paper)  for  all  homoiogs  fcr 
a  given  month  it  is  usually  easy  to  reveal  typical  features 
.‘in the  course  of  the  meteorological  developments  during  the 
eight  to  ten  day  period  for  the  aitire  group, 

^  /Hote/The  complex  graph  shows  the  course  of  the 
temperaTrure”and  pressure  diurnally  in  the  form  of  curvds 
as  well  as  in  the  weather  characteristics  with  the  aid 
of  common  synoptic  symbols. 

As  a  result  of  this  analysis  a  weather  forecast  for 
the  individual  sections  of  the  regions  included  in  the 
forecast  is  compiled, 

(5)  The  course  of  the  wind  from  day  to  day  during 
the  first  three  to  four  days  of  the  forecast  period  is 
analysed  in  detail.  For  that  purpose  in  addition  to  a  study 
of  the  homologs  statistical  data  regarding  the  recurrence 

of  different  directions  and  velocities  of  the  wind  at 
stations  located  within  the  region  covered  by.  the  "ore- 
cast  under  every  type  of  processes  which  are  contained  in 
a  work  by  L,  A,  Dydina  are  utilized.  As  a  result  a  de¬ 
tailed  forecast  for  the  wind  for  the  first  three  days  cover¬ 
ed  by  the  forecast  is  compiled,  ! 

(6)  ffih  the  basis  of  data  yielded  by  the  group  of 
homologs  charts,  showing  distribution  of  pressure  in  every 
E  S  P  forecast  period  are'  compiled.  If  the  neighboring 
ESP  are  analogous  in  the  distribution  of  the  pressure  field 
a  single  prognostic  chart  may  be  compiled  for  them. 

(7)  Cumulative  kinematic  charts  of  all  homoiogs 

contained  in  ten  day  periods  that  correspond  to  the  ten 
day  period  covered  by  the  forecast  are  analysed.  At  the 
same  time,  the  most  likely  courses  for  the  movements  of 
cyclones  and  anti  cyclones  in  the  region  on  the  basis  of 
which  the  forecast  is  being  compiled  are  determined,'  They 
are  marked  as  arrows  on  the  corresponding  prognostic 
charts  of  average  pressure.  ,  .  . 
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(8)  Forecast  of  wind  is  h  own  fn  a  visual  form  in 
the  following  manner.  Small  circles  are  drawn  on  the  geo¬ 
graphical  ...base  that  include  a  certain  area  Of  the  region  co¬ 
vered  by  the  forecast,  ¥/ithin  that  circle  there  are  two  or 
three  additional  smaller  circles.  Part  of  the  predominant 
winds  are  differentiated  in  the  form  of  a  sector  and  colored 
with  a  red  color.  A  portion  where  wind  deviations  are  ex¬ 
pected  are _ colored  green.  The  forecast  of  the  beginning 
of  the  period  (two  to  three  days)  is  expressed  in  the  circle 
closest  to  the  center,  the  one  for  the  middle  of  the  period 
-  in  the  central  circle,  and  the  one  for  the  end  of  the 
period  -  in  the  outside  circle.  The  prognostic  gradations  of 
wind  velocity  the  limits  of  its  intensification  and  also 
the  predominant  and  the  extreme  temperature  values  are  enter¬ 
ed  by  every  sector  on  this  chart.  During  the  period  of  the 
forecast  the  actual  wind  directions  for  every  region  (socle) 
is  entered  on  these  colored  sectors  with  dots.  The  data  is 
derived  from  the  meteorological  dispatches  for  four  fore¬ 
casts.  The  dots  are  placed  in  that  radius  which  represents 
■fch.6  wind  direction  that  corresponded  to  the  one  observed 
during  the  given  period.  These  charts  are  then  used  to  com¬ 
pute  the  number  of  dots  that  appear  in  the  forecast  sectors 
and  the  percentage  of  correct  forecasts  are  then  determined. 

■5’.  Certain  Data  on  the  Effectiveness  of  the  Method  and 
the  Sorrectness  of  Extended  Forecasts. 

The  verification  of  extended  forecasts  fa?  a  period 
from  1954  to  1956  indicated  that  forecasts  of  the  pressure 
field  for  periods  of  eight  to  ten  days  were  correct  in  73$ 
of  the  cases.  The  average  correctness  of  the  forecasts 
for  the  wind  direction  for  the  period  from  1953  to  1956 
amounted  to  66$.  The  certainty  of  climatological  forecasts 
on  the  predominant  wind  directions  on  a  quarterly  basis  ( 
for  ten  day  periods)  amounted  to  5 9$.  Consequently,  the 
effectiveness  of  the  method  as  applied  to  the  given  element 
amount s  to  7$.  This  same  method  for  forecasting  temperature 
of  the  air  has  a  somewhat  higher  effectiveness  (12  to  15$). 

6  •  Pro  spec  tives  for  Further  Development  of  the  Method, 

Development  of  the  extended  forecast  method  as  in 
many  ways  associated  with  our  knowledge  of  the  forms  of 
atmospheric  circulation  as  processes  taking  place  within 
the  hemisphere  and  regular fies inherent  in  their  transform¬ 
ation.  Therefore,  the  basic  task  is  a  multi-lateral  study 
of  the  regularities  involved  in  the  continuity  pattern  of' 
the  E  S  P  as  the  elementary  stages  of  the  more  extensive 
processes  (W  C  and  E  Forms) . 
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An  important  tasl$  also  is  the  proper  consideration  of 
the  intensity  of  .the  processes  and  primarily  the  intensity  of 
the  pressure;  and  thermal  fields  with  which  the  degree  of  cy¬ 
clonic  activities  is  closely  associated.  /.• 

Of  considerable  importance  is  also  the  consideration  of 
local  synoptic  and  orographic  peculiarities  of  the  region,  which 
is  covered  oy  the  forecast. 


CHAPTER  XII 

A  SURVEY  OP  METHODS  AND  INVESTIGATIONS 
IN  THE  PROBLEM  OP  LONG-RANGE  'FORECAST¬ 
ING  IN  THE  VARIOUS  COUNTRIES  OP  t’HE 
WORLD 


,  111  the  Preceding  chapters  of  the  second  part  of  the 

book,  methods  for  long  range  weather  forecasting  presently 
used  in  the  USSR  and  the  USA  by  the  official  weather  service 
agencies  of  these  countries,  were  examined.  The  indicated 
methods  represent  more  or  less  formulated  viewpoints  that 
proceed*  from  certain  principals  and  have  certain  operational 
methods  that  permit  irregular  compilation  of  weather  fore- 
casts  for  various  periods  of  time.  These  methods  also  have 
certain  advantages  over  the  utilization  of  climatological 
norms  as  forecast  values  which  provides  a  basis  to  use  them 
in  practice .  They  are  all  to  a  degree  based  on  the  regular¬ 
ities  of  the  general  circulation  of  the  atmosphere.  As  a 
ruie  in  the  analysis  and  forecast  compilation  by  these  methods 
synoptic  and  upper  level  charts  of  the  northern  hemisphere 
ar  e  us  eel  m  A 


lu  addition  to  the  indicated  more  or  less  formulated 
methodological  systems  a  number  of  countries  utilize  various 
types  of  prognostic  relationships  that  with  a  certain  degree 
of  success  permit  the  forecasting  of  weather  or  of  its 
various  individual  elements.  These  methodological  systems 
as  a  rule . contain  certain  individual  methods  that  were 
examined  in  the  introduction  to  the  second  part  of  this 
book.  They  may  not  be  called  formulated  methodological 
systems  even  though  :n  a  number  of  cases  they  may  permit 
the  compilation  of  forecasts  that  to  a  certain  degree  sat- 
isfy.the  interests  of  certain  sections  of  the  economy  or 
specific  end  users.  Other  countries  have  not  even  develop¬ 
ed  these  types  of  prognostic  relationships  and  at  the 
preseit  time  are  conducting  only  certain  investigations  in 
that  direction. 


In  this  chapter  we  will  devote  our  attention  to  a 

of  suck  methods  and  approaches  assuming  that 
this  vail  provide  the  reader  with  the  possibility  of  gain¬ 
ing  a  better  understanding  of  the  contemporary  state  of 
the  problem  under  examination  on  the  world  scale. 


I.  Federal  Republic  of  Germany 

as  already  pointed  out  in  the  introduction  in 
Germany  beginning  with  1929  investigations  were  conducted 
for  the  purpose  of  evolving  methods  for  long-range  weather 
forecasting  under  the  direction  of  Baur.  A  special  in¬ 
stitute  was  established  for  that  purpose. 
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Beginning  with  1932,  the  institute  of  long-range  weather  fore¬ 
casting  is  sued  for ecasts  for  10  day  periods  in  July  and  Aug¬ 
ust  and  beginning  with  1937  they  issued  forecasts  covering 
the  period  from  June  to  September.  Forecasts  covering  a. 
month  and  a  season  were  also  issued,  ;  Methodological  .basis 
for  the se '  for e ca, sb s  are  described  in  a  monograph  entitled 
Baur  F.  Meteorolog ische  Zeitschr lft, ' 54 , 437 -444 , 1937  as 
well  as  in  an  article  by  Baur  in  the  Compendium  for  Meteor¬ 
ology  for  1951.  Below  we  will  briefly  stop  on  the  examin¬ 
ation  of  the  principal  basis  of  the  indicated  methods  and  we 
will  also  examine  how  forecasts  are  compiled  with  their  aid. 

In  the  first  stages  of  the  investigations  Baur  at¬ 
tempted  to  solve  the  problem  of  forecasting  by  a  purely  stat¬ 
istical  method.  For  that  purpose  he  searched  for  various 
types  of  associations  of  changes  in  the  meteorological  elem¬ 
ents  in  one  region  and  the  changes  in  meteorological  elem¬ 
ents  in  other  regions  of  the  northern  hemisphere  during  the 
preceding  period  of  time'.  The  resulting  relationships 
were  used  as  a  basis  for  formulating  seasonal  and  monthly 
forecasts.  In  addition  to  that,  a  large  number  of  corelat¬ 
ion  co-efficients  were  found  that  indicated  a  association  be¬ 
tween  a  subsequent  change  in  pressure  at  some  meteorological 
station  and  the  value  of  a  number  of  elements  which  have  a 
direct  bearing  on  the  pressure  during  the  preceding  10  day 
period.  In  that  manner  multiple  correlation  tables  were 
compiled  with  the  aid  of  a  chart  which  was  drawn  showing  the 
probable  distribution  of  surface  pressure  for  the  next  10- 
dav  period.  With  the  aid  of  analogues  selected  for  the 
preceding  10  day  period  the  indicated  probable  forecast  was 

made  somewhat  more  precise.  .. 

The  utilization  of  such  methodological  appro  a.  3s  did 
not  however,  lead  to  effective  prognostic  results  especial¬ 
ly  with  regard  to  seasonal  and  monthly  forecasts.  In  con¬ 
nection  with  this  the  subsequent  methodology  of  10-day  fore¬ 
casts  was  perfected  by  using  iro-synoptic  investigations 
and  first  of  all  by  an  understanding  of  the  macro synoptic . 
situation,  ( Cros swetterlage)  which  was  already  mentioned  in 
section  2,  chapter  4  in  the  examination  of  Baur  s  typific- 


In  studying  the  macro synoptic  situation  and  factors 
that  determine  its  changes  Baur  came  to  the  conclusion  that 
of  the  great  number  of  terrestrial  and  cosmic  factors, 
volcanic  eruptions,  polar  seas,  ocean  currents,  the  in¬ 
fluence  Of  the  moon,  the  motion  of  the  pole  and  solar  act¬ 
ivity.  Solar  activity  alone  has  material  significance  that 
is  associated  with  changes  in  the  ultra-violet  and  corpus¬ 
cular  solar  radiation.  According  to  Baur  ^^.c^!ia^ons. 
solar  radiation  represent  sets  of  conditions  that  direct  the 
course  of  the  weather  on  a  large  scale.  Therefore,  one  of 
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the^main  premises  for  success  in  long-range;  forecasting  is 
an  intensive  development  of  solar  physics",’  '• 

In  addition  to  that  considering  that  in  order  to  ar¬ 
rive  at  a  solution  of  the  prohLem  of  long-range  weather 
forecasts  the  combination  of  synoptic  and  statistical 
methods  are  of  great  importance,  Baur  conducted  a  typific- 
ation  of  macroprocesses  and  established  17  types  of  macro 
conditions  for  the  European  region.  The  further  task  is 
the  determination  of  seasonal  recurrence  of  these  types  and 
their  continuity  for  the  consideration  of  mutual  influences 
of  the  circulations  taking  place  in  neighbor  ing  .regions . 
Baur  also  considers  that  a  clear  resolution  of  these  prob¬ 
lems  has  a  incomparably  greater  significance  for  long- 
range  forecasting  especially  for  mean  forecasts  than  the* 
numerous  harmonic  and  rhythmic  analysis  undertaken  in 
many  institutes," 

For  the  purpose  of  compiling  forecasts  for  five  day 
periods  Baur  utilized  multiple  ''©onrelatibipn  tables  and  the 
results  were  conducted  by  Scherhag  on  the  dependence  be¬ 
tween  the  distribution  of  surface  pressure  and  the 
movement  of  three  and  24  hour  isallobaric  sources,  the 
characteristics  of  upper  currents  and  their  convergance 
peculiarities  at  surfaces  of  500  and  225  mb. 

Let  us  examine  these  two  methods  in  somewhat 
greater  detail.  In  order  to  compile  multiple  egrrelatibn 
tables  wi.xch  could  be  used  for  forecasting  pressure 
changes  Baur  proceeds  from  the  expression  for 


# 
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Here  d  ivg  v-is  the  horizontal  velocity  divergence  ks-(fpr.. 

0.2884  dg  _  amount  of  heat  obtained  by  a  unit  of  mrss  of 
at 

the  particle  in  motion  for  a  unit  of  time,  c-  is  the  con 
stant , 

On  the  basis  of  his  work  in  Meteorologische  Zeit- 
schrift  64,437-444,  1937  the  r ight~portion  of  the  equations 
are  replaced  with  values  which  may  be  interpreted  statis¬ 
tically.  As  a  result,  the  following  variables  are  obtained, 
which  influence  the  future  change  in  pressure  and  which  are 
used  as  introductory  data  for  the  multiple  correlation  table: 
*»"  Pressure  at  sea  level  at  mb  at  14  hours  during  the  day  of 
the  forecast  at  a  given  station,  x-j-  change  in  temperature 

£nJ.1Cen^igra<ie)  14  hours  of  the  preceding  day  to  24  hours 

of  the  day  when  the  fore- 


cast  is  being  compiled  X3-  ■  change  of  pressure  in  mb  for 
the  same  24  hours,'*.  *  the  degree  of  cloudness  of  a  day  when 
the  forecast  is  being  compiled,  change  of  pressure 

in  mb  for  seven  hew. r  s  on  the  day  of  the  forecast  . 

After  compiling  such  tables  for  all  meteorology 
stations  in  the  region  that  interests  us  for  an  available 
number  of  years  it  is  possible  to  use  them  in  determining 
the  mathematical  probability  of  pressure  changes  for  the 
nearest  two  to  three  days. 

In  compiling  forecasts  in  that  manner  distribution 
of  surface  pressure  for  a  period  of  24  hours  iri  advance, 
it  is  possible  to  use  it  in  computing  the  volume  Of  the 
relative  geopotential  500/1000  mb  and  to  determine  the 
change  of  this  value  from  the  initial  day  to  the  first 
day  of  the  forecast.  By  adding  this  difference  to  the 
value  of  the  surface  pressure  forecast  24  hours  in  advance 
we  obtain  forecast  of  the  altitude  of  the  500  mb  surface. 

On  the  basis  of  the  latest  data,  a  500  mb  prognostic  chart 
for  the  next  24  hours  is  drawn. 

By  using  this  chart  in  accordance  with  the  work  by 
Scherhag,R .,  Forsch,  Ffahr,  Ber ,  Reider  Wetterd  Reiche, 
Bd.II,  1943  a  prognostic  chart  showing  the  distribution 
of  surface  pressure  for  the  second  day  is  compiled,  It^ 
is  made  more  precise  with  the  aid  of  multipl©  correllation 
tables.  With  the  aid  of  that  chart  and  using  the  same 
method  it  is  p4ssibLe  to  obtain  a  5(30  mb  prognostic  chart 
for  the  second  day  and  by  using  the  latter  chart  to  compile 
a  chart  of  surface  pressure  for  the  third  day  which  is  also 
made  more  precise  by  means  of  multiple  correlation  u  tables, 
A  96  mb  chart  is  us^  for  that  purpose.  Forecasts  of  the 
surface  pressure  field  for  the  fourth  and  fifth/' 'Mrorecom- 
piled  both  by  means  of  the  method  indicated  above  and  by 
the  utilization  of  a  number  of  other  supplementary  methods 
of  a  synoptic  and  statistical  nature  -  (types  of  inter¬ 
actions,  their  recurrence  and  continuity,  analogues,  mul¬ 
tiple  correllation  tables  and  others)  . 

These  are  the  principal  basis  and  technical  methods 
which  form  the  foundation  for  the  compilation  of  forecasts’ 
for  five  days  according  to  Baur's  method. 

Let  us  now  briefly  stop  on  the  methodology  of  com¬ 
piling  10  day  forecasts.  The  five  day  forecast  compiled 
on  the  basis  of  the  method  examined  above  is  used  as  a 
foundation  for  the  compilation  of  these  ten  day  forecasts. 
For  forming  a  forecast  for  the  second  five  day  period  of 
the  ten  day  period  covered  by  the  forecast,  multiple  cor¬ 
relation  tables  are  used  (  compiled  especially  for  ten  day 
forecasts)  in  addition  to  analogues.  The  analogues  are 
selected  at  the  beginning  of  the  ten  day  period  preceding 
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Jhe ,ten  Jay  period  covered  Toy  * e  forecast,  in  view  of  the  fact 

wLhULf  to  iJcerrted  01lt  b7'  BaUr  "that  the  Preceding  development, 
Jr*  to  a  certain  macros  Coptic  situation,  must  be  considered 

JJ  J+mUCh  neater  degree  than  in  cases  where  the  diurnal  synoptic 
charts  are  examined  In  selecting  analogues  a  siSlti+v  in  tbp 

pSS^iJclets^eiuSdv3  °f  N°rth  Americ^  Europe,.  Asia  and  the 

_rt_  Baur -compiles  forecasts  for  a  period  of  a  month  and  a  sea- 

heCCSomftn-Walker%dn  a  PUrely  statistical  basis.  In  doing 
th^t  he  ^ciLso  utilizes  analogues.  The  correlation ^nation  indL udes 

f  c°j^si  Qerable  number  of  dependencies  among  the  changes  of  d  ements 

“r  IT ™  °f  nOTthem  taisphare.X  SiST* 

thP  fniint§  the  average  temperature  in  March  for  Central  Europe 
the  following  equation  is ■ available ;  p 

E(y)  2  -O.O^  -0.08X2  0.09X3  -V  0.19X^  f  O.lOX^ 

Here  E(y)  is  the  mathematical  antic  ija  tion  of  temperature 
oraalies  during  March  (average  for  three  stations  —  Berlin, 
lenna  and  De  bilt),  —  is  the  mean  pressure  for  February 
at  tiro  stations.:  StHdcisholm,  Haparandaj  Xo  —  is  the  mean  pressure 

SoS?  f°or  &+  Sverdlovsk;  Z3  -  ^  the  mean  pressure 

.  mal/  for  t ebruary  at  tnree  stations:  Milan,  Rome  and  Malta: 

nK~Z  .  h®  ^nana3y  of  temperature  differences  durinv  Febxu  arv- 

“  ZiVZJTJT  £ -4:  -  —  -  -  « 

£*  r 

-reate?ethan  tSVhd  ®uccesful  forecasts  will  be  immesurably 
a  sitStion  h  ^  t!lat.results  froffl  incorrect  forecasts.  Such 
mthtthe  aid  o?  +5^  U°  is  possible  only  Mien  forecasting 

ini  be  nrie°s  ttan  oSfirSS^n  equati°n^  the  corelation  coefficient 
”°  le"s  tban  0 * 8°,  the  correctness  of  the  forecasts  of 
anomaL les  must  not  have  a  value  of  below  0.75,  and  forecasts  of 
indirect  elements  must  not  be  below  0.92.  Inasmuch  as 

the  PrS^t±iae  attainable, according  to 
Peii;  d6fleCt  a11  the  requirements  for  a 

state  ^  ^  *’  fM'eCaStS  m-er  tfe  PreSent 

but  i^uSf+h008  n?t  n0W  co;npile  lonS  raliee  weather  forecasts, 
th^t  field  thn“  °nlyv°n  a  SI3°radic  basis,and  conducts  research  in 

ciireied  eheSiaSj  at^T  16  “  is 
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perfection  of  the  statistical  forecast  relationships  that, 
were  published  earlier  by  considering  factors  that  determine 
the  formation  of  the  various  types  of  macro -synoptic 
conditions  and  furthest  of  all  by  a  method  of  considering 
the  role  of  solar  activity. 

According  to  a  verif  ication  conducted, by  Baur  /Soo 
Note/  regarding  the  correctness  of  10  day  weather  fore¬ 
casts  compiled  by  him  during  the  period  from,  1932  to  1936, 
the  following  re  stilt  s  were  obtain  pri; 

In  1932,  the  correct  forecasts  amounted  to  68/  of  all 
the  forecasts  ’  in  1933  -  81$,  in  1934  -  80$,  in  1935  -  87$, 
in  1936  -  84$.  The  average  percentage  for  correct  weather 
forecasts  for  those  years  amounted  to  80$.. 

Different  results  of  a  verification  of  these  same 
forecasts  were  obtained  by  the  Amer  icanswho  verified  the 
correctness  of  the  forecasts  for  the  first  five  days  of  the 
ten  day  period  and  the  last  five  days  of  that  period.  Such 
a  split  type  of  verification  was  motivated  by  the  fact  that 
forecasts  for  the  first  five  day  period  were  compiled  by 
means  of  a  synoptic  method  and  that  for  the  second  five 
day  period  was  compiled  on  the  basis  of  a  purely  statis¬ 
tical  method.  It  turned  but  that  forecasts  for  the  first 
five  days  were  correct  in  75 %  of  the  cases  and  those  for 
the  last  five  day  period  were  correct  in  only  53$  of  the 
cases,  in  order  to  evaluate  the  quality  of  ten  day  fore¬ 
casts  for  temperature  they  were  compared  with  the  correct¬ 
ness  of  forecasts  compiled  on  the  basis  of  an  assumption 
that  the  average  temperature  of  the  pending  ten  day  period 
is  equal  to  the  temperature  of  the  day  that  preceded  the 
forecast  period.  It  was  found  that  such  forecasts  would 
have  been  accurate  in  69.4$  for  temperature  forecasts  and 
57$  for  precipitation  forecasts.  Consequently,  t.  method¬ 
ical  effectiveness  in  temperature  forecasts  amounts  to 
only  1.1$  and  for  precipitation  forepasts  only  11.5$. 

Baur  *  s  institute  existed  until  19^5 .  and  issued  the 
10  day  forecasts  indicated  above.  Since  19k!>  ho,  <  has  been 
working  privately,  not  receiving  any  kind  of  material  sup¬ 
port  from  the  West  German  Government.  He  refused  to  re¬ 
gularly  issue  10  day  forecasts  and  from  time  to  time  issues 
only  monthly  and  seasonal  forecasts  similar  to  those  that 
were  issued  by  him  from  1920  to  1930.  According  to  the 
indirect  information  that  is  available(Bljl  W .  ¥Ieer s^ver- 
wacht ingen  op  lange  termign,  Kon.  Nederb.  Mbteorol'.  Insl. 

De  Bilt  Publ .,  tlo.  T37 .  Verspreide,  Opstellen,  Nr  1, 
Gravenhange,  1954.)  The  quality  of  these  forecasts  in 
general  is  not  very  high  and  not  infrequently  there  are 

serious  errors.  .  '  ,  ,  „ _ _ 

A  weather  service  for  the  American  Occupation  one 
in  Germany  established  in  the  city  of  Bad  -Kiss ingen 
in  1946.  It  was  headed  by  professor  Walkman.  He  offered 
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Baur  the  position  of  Director,  nf  ^  n  ,  : 

In  connection  with  that  thP^n'"range  f0x>ecast 
nange  forecasts  was  assumed  ht  o  e  the  direction  of  lone-- 

Z  A#  ^ofman#  Later  when  the  We%  °vmev  co-worker  of  Baurfs 

Organisations  merged  with  lr it fsh  ZT*  Mete°rological 

department  for  lono-  ^7e  also  began  working-  in  tZ 

casting  orgLLa??§nra^crLsfcaf?reCaft5- 

™°e  or  methods  evolved  S'  ???ratSli  Blth  the 
suedCah^S*  Forecasts  covering^a  Sh^  n0t  ^sue  ten  daF 

SealUoHiShed  ^an^ifcLfb^cSlf  toChnatUre>  were* 
gi£al  observatories.  ^  cable  to  the  meteorolo- 

deta^i  tC>  1  s sus f an^ a s^of r June #  1 949^t  Tre£kle  and  Rudolf 
detailed  monthly  forecasts  «nwif^9  t°  publish  comparatively 
region  of  Germany  from  Freiburo-  inf  south-western 
these  forecasts  were  also  resSfa*rw\°£  February,  1952, 

~  ^wKCcSs'lr 

oas^forfheof  F™  iL^Z^Toil 

nSl000ITfnesal“F1the‘ Exceeds 

Washington  on  the  ttsis  of  sfne  region  compiled  in 

their  correctness  during  an  ^h3  3  metb°d  indicated  that 
inertial  forecasts!  8  811  seMns  13  below  that  for 

No.  3-4?bH’  ITiS^"*101*  by  HOflnan  ln  mc^rol 

In  1951  in  w  .•  ,«  *  ' — - - 

Scherhag  developed  a  a  group  directed  bv 

day  trajectories  and  posit ion °p  ^0:r,eca sting  three  to  five 

the  24  hour  decrease  in  Jl?  f  centers  °F  areas  of 

del||n  °f  Msh  level  ^Jntal Pzln^e  ass0ciabed  with 

were  observed^fttm  °f  decreasing  pressure  were  sir  , 

North  America,  the  Atlantic  Ocean°  December  iWl^over^ 
vealed  that  in  242  casts  the  anJ  EuroPe*  It  was  re- 

were  observed  for  a  perio^of  decreasing  pressure 

da?s!’wtoeLfSr2!ayLS4tte  °aSeS  f®  ' '«“SrlSl0SetteS 

period  of  two  days.°^  ^rioL 
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statistical  investigation  was  conducted  and  a  secies  of 
monograms  were  compiled  that  permit..a  determination  of 
the  future  position  and  intensity  of  the  initial  areas  of 
decreasing  pressure  for  the  second  to  the  fifth  day  based 
on  a  consideration  of  the  direction  and  the  intensity  of 
the  high  level  frontal  zone  and  the  basic  isohypse .This 
method  is  used  in  practice  and^a.t  the  same  time^  re  search  is 
being  conducted  to  pprfdat *■  it, 

II  Prance 


As  already  briefly  indicated  in  the  introduction 
to  the  second  part  of  this  book#a  method  of  forecasting 
based  on  the  study  of  the  peculiarities  iu  the  course  of 
the  pressure  which  are  revealed  in  the  many  year  curves  of 
the  five  day  me^  of  its  values. 

The  principals  of  this  method  as.  well  as  certain 
other  technical  methods  are  described  in  the  work  by  Grappe 
entitled  Memorial  de  la  Meteorologie  Nazionale,  n,  38, 

1-78,  Paris,  lyoo.  They  consist  or  the  following: ,  For 
82  stations  in  Europe  and  the  Atlantic  area  new  curves 
showing  pressure  changes  from  day  to  day  during  every  year 
for  the  available  period  of  years  were  compiled.  Further 
the  smoothing  of  every  one  of  these  curves  was  made  by 
determining  the  sliding  three  or  five  day  moaa  values. 

The  comparison  among  these  smoothed  curves  for  a  given 
station  over  all  the  years  indicated  that  during  certain 
periods  of  time  maximums  or  minimums  occur  on  the  curves 
which  take  place  almost  every  year.  They  are  called  the 
peculiarities  in  the  .course  of  pressure. 

In  order  to  eliminate  accidental  increase1'  "'r  de¬ 
creases,  i.e.  a  type  of  pecul  iarity  that  would  frequently 
be  encountered  additional  smoothing  is  done.  For  that  pur¬ 
pose  curves  showing  the  pressure  over  a  five  year  period 
during  the  course  of  every  year  are  compiled  for  every 
station.  Then  the  .averaging  of  these  curves  for  ail  the 
years  for  every  station  on  an  individual  basis  is  accom¬ 
plished.  The  normal  curves  that  are  obtained  in  that  man¬ 
ner  showing  changes  in  the  five  day  pressure  values  are 
called  base  curves  or  bases.  It  turns  out  that  peculiarit¬ 
ies  in  the  course  of  pressure  which  are  revealed  in  most 
of  the  curves  (75$), were  preserved  in  the  base  curve  as 
well.  However  the  rarely  occurring  secondary  peculiarities 
were  smoothed  out  in  the  basic  curve. 

Furthermore  the  basic  curves  at  all  stations  within 
the  region  and  the*  examination  were  compared  among  then- 
selves  for  the  purpose  of  revealing  those  stations  uith 
an  analogous  course  of  these  curves.  A  combination -of 
these  stations  determined  the  region  which  was  homogeneous 


-61- 


"emesentatlve ,? Fn  (natural  regioua)  .  A  tingle  most 
representatiye  statx°n  was  selected  from  every  one  of  the 

climatic -regions  and  a  mer.n  curve  for  the 
entire  region  was  drawn. 

In  order  to  prove  the  reality  of  the  peculiar- 
ities_ and  also  in  order  to  reveal  their  synoptic  charact- 
eristics  the  following  work  was  accomplished  The  nature 
of  pressure  formation?  observed  in  the  vSSus  ofLat^ 
regions  during  periods  when  certain  peculiarities  ap¬ 
peared  were  studied  on  a  basis  of  daily  and  five  day 

i?69Sto  75/o?etv^d  that  Jor  .examPle  f°r  the  Paris  region 
m  69  to  75%  of  the  cases  during  periods  of  rising  curw=! 

anti-cyclones  with  a  center  pressure  in  excess  of  1  Sao 

mbs  were  observed,  similar  investigations  indicated  that 

during  periods  of  descending  curves  in  a  given  climatic 

region  cyclones  with  a  pressure  of  from  997.4  to  1  002  7 

to^cmM  °bSerTed‘  -5helr  founts 

These  peculiarities  noted  in  the  curves  for  everv 
station  m  each  individual  year  were  also  thoroughly 

and  Jhese  (with  relation  to  the  normal  curve 

in  the  moment  of  their  occurrence  were  determined  it 
turned  out  that  for  the  Paris  region  the  averagfshi^s 

two  K  U?S,er  P°int?  of  the  Peculiarities  took  place  within 

three  t  ^4  r  da^s  “  cases  of  their  early  appearance  and 
three  t  4. 6 ^ days  in  cases  of  late  appearance. 

er,  series^°f  synoptic  characteristics  were  compiled 

for  every  one  of  the  periods  of  time  when  a  certain  pecul¬ 
iarity  was  observed:  a  mean  chart  (normal)  of  surface 
pressure,  a  cumulative  chart  di owing  the  distribution  of 

SSSSStSS  SfJff.110?!!  ;“*“••  •  »•»»■*  *b«ng°Shef 

aistr lbution  of  the  amplitudes  of  pressure  curves  & 

ofatL^°!!inS  the  retUPrence  of  the  shifts  in  the’moment 
of  their  occurrences,  as  well  as  the  character ist^s  of 

air  masses  and  their  temperatures.  All  this  data  taken 
toge  -.her  permits  the  compilation  of  forecasts  for  the 
distribution  of  the  pressure  field  and  certain  we-ther 

ttoetCSrlStlCS/^  %  Period  of  five  days,  and  ©me- 
times  for  a  period  of  30  days**  * 

j  ,  pc  order  to  make  the  five  day  forecasts  more 
?n^a^iedr<he  relationship  between  n^n  pressure  values 
aJ  Pfriod  with  its  values  during  the  day 
m  the  middle  of  the  period  was  studied,  it  was  re- 
vealed  that  this  relationship  is  expressed  rather  well 
(the  c6n.dctien  coefficient  is  equal  to  tO  88)  *r' 

She^ata^Ph^  1Cant/el^tl0nsMp  Was  also  obtLlKith 

.J1®  second  and  fourth  days.  Coefficients 
the  first  day  and  the  last  day  are  considerably  lower* 


for  the  first  day  0 .55-0  .79  and  with  the  fifth  day  0.63*- 
0.80. 

/Ufo te/A  similar  relationship  was  obtained  by  Namias. 
It  was  mentToned  in  section  two  of  chapter  11. 

A  forecast  for  the  mein  .pressure  field  for  the 
five  day  period  is  compiled  in  the  following  manner.  A 
curve  showing  the  change  in  five  day  pressure  values  for 
a  number  of  five  day  periods  preceding  the  forecast  for 
every  one  of  the  82  stations.,.  Then  this  curve  is  compared 
with  the  basic  curve  for  a  given  station,  peculiarities 
are  found  and  matched  then  by  means  of  a  relative  shift  of 
these  curves.  After  finding  well  matched  peculiarities 
closest  to  the  five  day  periodcovered  by  the  forecast  the 
pressure  curve  is  extrapolated  and  the  anticipated  pres¬ 
sure  change  is  determined  from  the  initial  five  day  period 
to  the  one  covered  by  the  forecast  .  By  algebraically  ad¬ 
ding  this  change  to  the  pressure  value  at  a  given  station 
that  occurred  during  the  initial  five  day  period  its 
prognostic  value  is  obtained.  Pressure  for  the  other  81 
stations  in  the  region  being  examined  is  also  forecast  in 
this  manner  .  A  prognostic  isobaric  map  is  drawn  on  the 
basis  of  this  data. 

Later  by  utilizing  the  synoptic  and  statistical 
material  as  indicated  above  ..  _  as  well  as  the  daily 

it  is  attempted  to  make  this  forecast  more 
detailed  for  the  individual  days  and  to  point  out  the 
probable  nature  of  the  weather  and  its  changes  during  the 
five  day  periodcovered  by  this  forecast. 

At  the  same  time  attempts \jctq  made  to  consider  the 
Intensity  of  the  processes  as  well  by  refining  the  fore¬ 
cast  for  the  variation  amplitude  in  the  pressure  '"irves. 
_For  that  purpose  the  results  of  investigations  on  the 
'evolution  of  centers  of  pressure  changes  from  a  ijfive  day 
period  to  a  five  day  period  (charts  of  five  day  isallobars) 
are  utilized. 

Forecasts  prepared  according  to  the  methods  descr¬ 
ibed  above  are  compiled  daily  at  the  central  weather  ser¬ 
vice  in  Paris  for  a  period  of  five  days  in  advance. 

Starting  with  1951  forecasts  for  a  month  ahead  are 
prepared  by  means,  of  this  method.  They  are  based  on 
an  extrapolation ‘of  pressure  according  to  base  curves  of; 
a  number  of  stations.  The  month  covered  by  the  forecast 
is  divided  into  six  or  seven  periods  of  time  during  the 
course  of  which  a  certain  type  of  weather  is  observed. 
Average  isobaric  charts  are  drawn  for  such  periods.  Sueh 
charts  are  able  to  provide  an  indication  on  the  probable 
weather  conditions  during  each  such  period.  This  data 
is  then  made  more  precise  and  concrete  by  utilizing  a 
series  of  synoptic,  statistical  and  graphic  material. 
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As  a  result  a  forecast  covering  a:  month  is  compiled,  which 
provides  a  general  characteristic  of  the  anticipated  types 
of  processes  (pressure  field)  and  the  evolution  of  weather 
conditions  during  the  month,  .  ...... 

We  unfortunately  do  not  have  data  on  the  methodical 
and  practical  effectiveness  of  the  methods  that  were  exam¬ 
ined,  in  the  monograph  that  was  available  to  us.  However 
it  is  hardly  possible  to  consider  this  method  perspective' 
Despite  the  existing  investigations  on  the  synoptic  chara¬ 
cteristics  of ^ the  peculiarities  the  pressure  field  may  still 
not  evenly  reflect  the  type  of  weather. 

A  concrete  deficiency  in  this  case  is  also  the  fact 
thao  up  until  the  . present  time  the  physical  causes  for  the 
occurrence  of  the  peculiarities  (rhythms)  indicated  above 

changes  of  pressure  have  not  been  revealed.  Therefore 
the  utilization  of  pressure  curves  and  the  entire  tech¬ 
nique  of  such  a  forecast  appears  to  be  to  a  great  degree 
formal.  Multilateral  investigations  of  the  regularities 
in^he  u^inte^ruP'te(3-  development  of  the  macroprocesses  over 
pr  longed  periods  of  time  are  necessary.  Then  the  revealed 
peculiarities  may  be  explained  to  a  degree  inasmuch  as  they 
may  be  regarded  as  certain  stages  in  the  development  of  * 
macroprocesses.  ^ 

,  . ^  same  time,  it  is  necessary  to  note  a  certain 
scientific  and  prognostic  value  of  the  data  obtained  by 
this  schwl.  The  existance  of  such  data  for  other  regions 
of  the  hemisphere  could  in  a  number  of  cases  prove  to  be  a 
very  useful  and  helpful  method  that  would  permit  the  fore- 
cast  of  certain  peculiarities  in  the  development  of  anti- 

conditions11  ^  baSiS  °f  method)  processes  in  weather 


*  TJhe  Chinese  Peopled  Republic  Work  in  the  field  of 
i?n§7rcl^T  tyeaLlier  forecasting  started  in  1935  with  he  work 
of  T’u  Ch> ang-wang  who  utilized  the  cc relation  method  de- 
veiop.'d  by  Walker  to  reveal  the  associations  between  pre¬ 
cipitations  in  China  and  changes  in  the  meteorological  el¬ 
ements  at  a  number  of  points  on  the  earth’s  surface. 

•  .  *  statistical  methods  of  forecasting  are  developed 

in  the  Chinese  People* s  Republic:  A  method  of  historical 
changes  and  a  method  of  multiple  internal  relationships, 
ine  first  of  these  methods  was  developed  by  Yaig  Chiang- 
ch  u  and  the  second  method  was  developed  by  Part;  T’ung- 
kwang.  T.b*-  us  examine  these  two  methods  in  grater  detail. 

A  Chinese  scientist,  co-worker  in  the  institute  of  * 
geophysics  of  the  Chinese  academy  of  sciences,  Yang  Chiang- 
u  1950  proposed  that  for  forecasts  of  temperature 
and  precipitation  in  Peking  as  well  as  for  forecasts  of 
typhoons  in  the  Formosa  region  a  series  of  regularities 
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and  historic  changes  of  these  elements  and  phenomena  be  used. 

The  proposed  method  was  applied  by  the  author  in 
practice, for  the  compilation  of  the  indicated  forecasts. 

It  yielded  satisfactory  practical  results.  It  was  also 
examined  and.  approved  by  the  Peking  section  of  the 
Chinese  Meteorological  Society  at  a  session  that  took  place 
on  23  October  1951>  and  was  recommended  for  a  practical 
test  and  utilization  as  a  method  that  has  a  number  of 
advantages  under  present  day  conditions  in  China, 

A  comparatively  extensive  series  of  obcorv&t-.ons  are 
available  at  certain  stations  in  China.  Therefore  the 
author  confronted  himself  (with  the  task  of  elaborating 
a  method  of  forecasting  for  these  stations  which  was  based 
on  the  utilization  of  regularities  in  the  changes  among 
meteorological  elements  over  a  long  period  of  time  only  for 
these  stations.  Such  changes  that  took  place  over  several 
decades  are  called  historical  by  the  author. 

The  basis  for  such  a  presentation  of  the  task  is 
visualized  by  the  author  in  the  fact  that  the  observed 
historical  changes  in  meteorological  elements  are  a  con¬ 
sequence  of  cumulative  influence  of  the  active  factors. 
Therefore,  considering  the  indicated  changes  we  will  there¬ 
by  indirectly  consider  the  entire  complex  of  factors. 
Therefore  in  order  to  be  able  to  foresee  changes  in  the 
future  i4-  is  necessary  to  reveal  regularities  in  the 
changes  of  the  elements  during  the  past.  Let  us  now  ex¬ 
amine  some  of  the  basic  regularities. 

Regularities  in  historical  changes  utilized  in 
compiling  forecasts.  The  basic  rifles  of  historical  changes 
which  must  be  considered  in  the  compilation  of  forecasts 
for  a  year,  are: 

(1)  The  continuity, 

(2)  the  analogy, 

(3)  the  cyclic  nature, 

(4)  the  greatest  and  the  least  probability, 

(5)  the  turning  point. 

Let  us  now  examine  each  one  of  these  laws.  - 

Continuity.  By  continuity,  the  author  means  the 
duration  of  the  noted  tendency  in  the  change  of  a  given 
element  or  phenomena.  Let  us  assume  for  example  that  we 
are  analysing  a  many  year  curve  showing  changes'  in  temper¬ 
ature  of  the  air  for  some  station.  After  finding  oil  points 
on  this  curve  where  it  begins  to  rise  we  shall  trace  the 
duration  of  this  rise.  Let  us  assume  that  in  all  casis 
the  observed,,  increase  in  temperature  continued  for  no  less 
than  two  years.  In  that  case  having  recorded  the  rise  in 
temperature  during  the  initial  year  with  regard  to  the 
year  covered  by  the  forecast  as  compared  with  the  preceding 
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year  we  will  be  able  to  assert  with  a  great  degree  of 
certainty  that  there  will  be  rise  in  temperature  here 
during  the  next  year.  The  author  illustrates  this  law 
by  an  examination  of  the  curve  showing  the  many  year 
course  of  changes  in  the  amount  of  precipitation  at  Pek¬ 
ing  during  May  for  the  period  from  1840  to  1855'  and 
from  1870  to  1950.  9 

As  a  result  of  a  revelation  of  the  continuity 
the  following  prognostic ally  important  deductions  are 
established. 

(a)  3£  the  amount  of  precipitation  during  May 

of  a  certain  year  exceeded  40  m,  .  while  in  May  of  the 

next  year  it  was  less  than  that, then  during  May  Of  the 

third  year  it  always  decreased  further,  or  in  any  case 
did  not  rise.  There  were  no  exceptions  to  this.  * 

(b)  If  the  decrease  in  the  amount  of  precipitation 
occurred  during  the  course  of  two  years  (in  May)  then 
during  May  of  the  third  year  no  increase  in  precipitation 
was  observed, and  in  80  to  90^  of  the  cases  it  amounted 

to  an  average  of  53  m. 

Analysing  the  changes  in  the  velocity  of  the  cir¬ 
cular  westerly  current  in  December  in  the  zone  between 
35  and  55  degrees  northern  latitude, for  the  period  from 
1900  to  1930,  the  author  illustrates  a  law  of  continuity 
by  means  of  the  following  deductions* 

(a)  If  in  December  of  a  certain  year,  the  circular 
westerly  current  began  to  intensify  or  did  not  weaken 
then  for  the  next  year  the  intensification  continued. 

This  was  the  case  in  0^-  out  of  seven  instances  # 

.  .  (b)  If  the  velocity  of  the  current  began  to  dim- 

inish  during  December  of  a  certain  year  then  during  the 
following  yrars  as  a  rule  it  continued  to  lose  its 
velocity  or,  at  any  rate,  the  current  velocity  did  not 
increase.  This  was  the  case  in  five  out  of  sever  in¬ 
stances. 

The  analogy.  Analogy  is  understood  to  be  the 
simj..  ,ar ity  in  the  course  of  the  curves  in  different  sect- 
10ns.  The  utilization  of  analogies  is  recommended  along 
with  the  feature  of  continuity,  in  that  c  ise  it  may  not 
only  be  a  valuable  prognostic  measure, but  it  may  help  to 
avoid  errors  in  the  forecast  that  may  arise  due  to  except¬ 
ions  in  the  continuity  rule.  The  continuity  rule  may 
m  turn  refine  a  forecast  compiled  by  utilizing  the 
principal  of  analogies  especially  in  those  cases  where 
the  aiw-.ogues  processes  that  occurred  in  the  past  will  be 
followed  by  different  processes  in  the  future. 

The  cyclic  nature.  The  author  notes  that  the 
numerous  investigations  aimed  at  revealing  varicu  s  cycles 
did  not  yici£  prognostically  useful  deductions  inasmuch 
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as  the  authors  of  these  investigations  always  demanded 
presence  of  constant  limits  for  these  cycles  and  consider¬ 
ed  their  recurrence  mandatory.  Under  actual  ■' con-iticns 
however,  cycles  of  quite  different  duration  are  observed 
which  in  addition  to  that  may  not  be  observed  at  all  during 
certain  periods  of  time.  It  therefore  follows  that  if 
the  cyclic  nature  is  regarded  not  as  the  only  means  for 
forecasting  but  is  applied  in  combination  with  the  other 
rules  (continuity,  analogy)  than  it  may  be  of  concrete 
aid  in  the  compilation  of  long-range  forecasts. 

There  is  a  considerable  difference  between  the 
cyclic  nature  and  analogy.  A  complete  cycle  may  include 
analogous  features* however  an  analogy  itself  is  not  equiv- 
ilant  to  the  cyclic  nature.  Analogy  indicates  that 
changes  taking  place  in  any  two  sections  are  similar  among 
themselves.  However,  it  is  not  necessary  that  an  analogy 
occur  only  at  certain  regular  intervals  of  time. 

In  order  to  illustrate  the  cyclic  nature  we  will 
cite  the  following  regularities  which  have  a  prognostic 
significance. 

(a)  A  curve  showing  the  many  year  course  of  aeon 
annual  veloc ity  values  of  the  circular  current  of  the 
westerly  wind  indicates  a  maximum  point  every  five 
years  (1903,  1908  etc.,)  and  every  four  years  (1901, 
1905,1909  )  the  minimum  point. 

(b)  The  curve  showing  changes  in  winter-  temper¬ 
ature  in  Shanghai  for  a  period  of  75  years  (1873  to  1948) 
clearly  manifests  two  year  cycles.  They  include  over 
80$  of  the  years.  In  other  vm>rds,  the  ’/inter  temperature 
in  Shanghai  as  a  rule  rises  during  one  ys  ar  and  drops 
during  the  next  year.  This  cycle  is  especially  ""'ll  ex¬ 
pressed  between  1882  and  1908  at  which  time  exceptions 
were  not  observed. 

(c)  The  curves  showing  many  year  changes  in  the 
amount  of  precipitation  at  Mukden  (1906-1936)  clearly 
indicates  that  every  six  years  there  is  invariably  a 
minimum  amount  of  precipitation  of  100  ;  a  or  less. 

The  greatest  and  the  least  probability.  This 
aspect  presupposes  a  multilateral  analysis  of  the  re¬ 
currence  of  various  values  of  a  given  element  over  a 
period  of  many  years.  A  knowledge  of  the  probability 
regarding  the  occurrence  of  the  forecast  value  or  of 
a  gradation  of  an  element  is  most  important  to  a  fore¬ 
caster  .  In  analysing,  for  example, the  amount  of  preci¬ 
pitation  which  occurred  in  Mukden  during  July  it  is  pos- 
sibleto  see  that  it  never  exceeded  300m'.  This  level 
of  precipitation  was  observed  on  only  one  occasion.  At 
the  same  time  a  precipitation  level  of  30  was  never 

observed  here  in  July.  Consequently,  the  probability  of 
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is  very 


precipitation  over  300  ,o  md  below  so.:*-  ls  Tery 
mean  p0?;nt-  This  term  Is  understood  to 

-*-?«■  a”ta- 

StWes°lvedrLpe8c?s^t1L0?^:Lrffl^^0Slre^. 

aPPiication  of  this  method  of  forecasting  r>^ 
or  20  to  3oayears^lllt7  °f  observatlons  for  a  minimum  period 

or  the  IohHowtag:3’ta8eS  °f  analysls  forecasting  consists 
....  .  „„ih  The  available  observation  data  Is  prepared  For 

sj°*m 

^?SsSs-”=r.:issrv™ 

as^wSaS^Swaw 

anvrae  o?  ^ST*®1?01,®3  ar®  noted-  Periods  or  ttae  when  8 

dltSons^d“l  SSSftS;  ScecSra^ed  to  ad<Utl°n  t0  the 
analvsis^of*  ??0UJ ^1J'Zi?g  ?he  regularities  obtained  from  an 

isss1;*  if  xtr.iT1  ohanees  a  fore'-a3t  for  the  f°“ 

long  ranfe  J^cSSsXTc^tain^^vSg^s^v”  ' 1tg?« 

ar e  n o S synopt  1  enchants ^or "a  lS^LSr^^r®  mf® 
basic  advantages  are  as  follows-  1  7  *  The 

and  som4tLesheeveT?”oSi;earPa10dS  ^  “*  <a  ^ear 

rorecast^  ThS  stoPlioity  of  ‘he  method  or  compiling  the 

(o)  the  forecast  contains  quantitative  character- 
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istics  which  is  more  Convenient  in  practice  than  fqnmiiations 
above  or  below  the  norm,  much  higher  or  insignificantly  high¬ 
er  which  are  Used,  in  certain  forecasts  (the  author,  in  partic¬ 
ular  compares  them  with  forecasts  prepared  by  Baur  for  a  per¬ 
iod  of  ten  days), 

(d.)  the  given  method  may  be  applied  for  forecasting 
any  meteorological  element  or  phenomena  on  which  there  is  a 
series  of  observations  for  a  period  of  not  less  than 
twenty  to  thirty  years. 

(e)  A  multilateral  analysis  of  the  regime  (climatology 
ical)data  is  conducted  and  the  positive  results  of  the  pract¬ 
ical  application  of  then  are  demonstrated.  All  this  indicates 
the  important  significance  of  the  consideration  of  processes 
that  preceded  the  forecast  and  the  regularities  inherent  in 
the  tendencies  of  their  development  over  a  period  of  manyyears* 

Along  '  with  these  positive  points,  the  existing 
inadequacies  may  also  be  noted, the  most  important  one  from 

our  point  of  view  is  ,  that  the  many  year  changes  in  meteorological 
elemeiibS  ^  are  examined  independently  of  the  many  year  changes  in  atmos** 
p.ieric  circulation,  which  may  be  used  to  explain:  regularities 
established  by  it. 

*.  <  ■  .  The  work  does  not  even  make  an  attempt 

to  analyse  the  physical  reasons  that  determine  the  action  of 
the  established  laws  and  the  .  causes  for  the  presence  of  ex¬ 
ceptions  in  their  application. 

Therefore,  it  seems  to  us  that  in  the  further  develop., 
ment  of  this  method  it  is  necessary  first  of  all  to  establish 
such  relationships  with  the  atmospheric  circulation  and  with, 
its  concrete  forms.  Tlr  W,  C  and  E  Forms  may  be  used  as  the 
latter'  the  irregularities  in  the  epochal  transfortr.ab_.--ns  of 
which  are,  at  the  present  time,  fairly  well  known  (see 
chapter  V)  . 

'  The  feasibility  of  utilizing  the  W,  G  and  E  Forms  for 
the  indicated  purpose  is  faVored  by  us  also  as  a  result  of 
the  posit  ive  results  obtained  by  the  work' accomplished  by 
post-graduate  students  at  the  Leningrad  hydrometeorological 
institute,  Chang  Chi-chia  and  Chang  Chia-ch’eng  who  com¬ 
pleted  (under  the  guidance  of  the  author  of  this  book)  in-: 
vestigations  one  of  which  was  published  under  the  title  of 
"Peculiarities  in  Weather  Conditions  over  China  Under  B.asic 
Forms  of  Atmospheric  Circulatim."  and  who  obtained  some  very 
valuable  results  in  a  scientific  and  prognostic  sense. 

These  works  conclusively  prove  that  weather  conditions 
observed  over  China  during  various  seasons  of  the  year,  are 
well  explained  by  the  W,C  and  E  Forms,  and  of  their  season¬ 
al  transfer  mat  ions .  Therefore,  the  authors  utilized  such 
relationships  for  the  elaboration  of  a  method  of  forecasting 
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both  for  long  and  short  periods  of  time'  applicable  to  the 
conditions  existing  in  China. 

These  works  also  examine  epochal  transformations  of 
the  WjC  and  E  Forms  and  the  associated  temperature  changes 
changes  in  the  amount  of  precipitation,  and  the  fluctuation 
in  the  levels  of  the  Yangtze  and  the  %angho  Rivers. 

Let  us  now  briefly  examine  the  basic  contentions 
of  the  second  method  used  at  the  present  time  in  the  Chinese 
Peoples  Republic.  This  method  is  based  on  the  utilization 
the  analogues  selected  on  the  basis  of  climatic,  data  for 
several  preceding  months.  It  permits  a  compilation  of  a 
forecast  for  a  period  of  up  to  a  year.  Let  us  illustrate 
it  in  any  example  of  compiling  a  forecast  in  February  of 
1953  for  precipitation  during  August  1953  for  the  city  of 
Chungking. 

The  amount  of  precipitation  observed  during  individ¬ 
ual  months  of  the  preceding  '1952'  year  were  analysed.  At 
that  time  a  survey  was  conducted  for  a  period  of  time  during 
which  in  the  course  of  several  months  entering  into  such  a 
period  seme  kind  of  a  material  peculiarity  in  the  distribu¬ 
tion  of  precipitation  was  observed  which  could  serve  as  a 
point  of  reference  in  the  selection  of  analogues  .  la 
example  being  examined  the  amount  of  precipitation  in  Chung¬ 
king  during  a  period  of  three  consecutive  months  (October. 
November,  December  1952)  was  close  to  the  norm  while  in 
the  next  month  of  January  1953,  it  somewhat  exceeded  the 
norm*  Taking  this  peculiarity  as  a  basis  attempts  are  made 
to  find  analogues  among  preceding  years.  The  amount  of 
precipitation  in  every  month  of  all  the  analogues  are  re¬ 
viewed  following  the  month  with  the  indicated  initial 
condition  (first  months  second  month,  and  so  on). 

In  our  case,  it  was  proven  that  the  amount  of  prec¬ 
ipitation  during  the  eighth  month  for  most  of  the  analogues 
was  belcw  the  norm  for  a  period  of  many  years.  Fur;,  r 
the  amount  of  precipitation  for  the  eighth  month  which  was 
covere  by  the  forecast,  was  studied  and  a  comparison  of 
it  with  the  amount  of  precipitation  during  the"  preceding 
month  was  conducted.  As  a  .  result  of  this  ar.  alysis  a  highly 
accurate  forecast  was  compiled. 

According  to  the  available  data,  forecasts  for  tem¬ 
perature  and  precipitation  anomalies  compiled  on  the  basis 
of  the  indicated  methods  have  an  average  certainty  of  75^, 
Forecasts  regarding  the  magnitude  of  the  anomalies  have  a* 
somewhat  lowrr  percentage  of  certainty. 

In  evaluating  these  methods  it  is  possible  to  agree 
with  Oh-an  Nei-ch’ao  that  "both  methods  serve  only  for  the 
satisfaction  of  the  more  urgent  demands.  Both  methods  pos¬ 
sess  serious  inadequacies.  By  means  of  these  methods  it  is 
especially  difficult  to  forecast  the  extreme  values  of  the 
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al  elements  as  both  methods  are  devoid,  of  any 
physical  basis.  In  addition  to  that  for  a  practical  utiliz¬ 
ation  of  the se  method s  it  is  necessary  to  have  a  large  number 
of  initial  data.  It  must  also  be  noted  that  the  quality  of 
these  methods  up  to  the  present  time  was  not  investigated  on 
the  basis  of  strict  methods  of  mathematical  statistics,  ^uch 
an  investigation  is  outlined  for  the  future", 

IV.  Hungarian  Peopled  Republic. 

Investigations  in  the  area  Of  long  range  weather  fore¬ 
casts  began  in  Hungary  in  1939.  In  1946  a  department  of 
long  range  forecasts  for  .weather  was  organized  at  the  institute 
of  meteorology  at  Budapest  which  issues  forecasts  for  two  week 
periods  regularly  on  the  15th  and  the  30th  of  every  month. 

The  forecast  includes  expected  weather  changes  during  the  per¬ 
iod  covered  by  the  forecast  as  well  as  anomalies  in  the  tem¬ 
perature  of  the  air  and  the  amount  of  precipitation. 

The  forecast  method  is  based  on  the  utilization  of 
statistical  relationships  between  changes  in  meteorological 
elements  and  phenomena  on  the  one  hand  and  a  series  of  geo¬ 
physical  and  cosmic  factors  on  the  other.  In  addition  to 
that  various  types  of  periods  and  changes  in  the  cycles  of 
meteorological  .  elements  established  by  different  authors  are 
used . 

The  number  of  investigations  which  obtained  variou  s 
forms  of  prognostic  deductions  must  first  of  all  include  the 
work  accomplished  by  Berke s  completed  in  1939.  It  indicated 
that  after  an  increase  in  solar  activity  a  decrease  in  the  wind 
velocity  follows  approximately  a  week  later  in  Budapest  ,in 
connection  with  anti -cyclonic  nature  of  weather  over  Hungary. 

A  week  after  the  solar  activity  begins  to  diminish, a  period 
where  thewind  velocity  increases  associated  with  the  develop¬ 
ment  of  cyclonic  activity  appears.  Consequently,  having  a 
forecast  of  a  change  in  solar  activity  it  is  possible  to  fore¬ 
cast  the  course  of  the  wind  and  the  nature  of  synoptic  pro¬ 
cesses  for  a  period  of  two  weeks  in  advance. 

Investigation  was  completed  later, which  attempted  to 
determine  the  probability  for  the  appearance  of  positive  and 
negative  temperature  and  precipitation  anomalies  in  Hungary 
under  different  two  week  variations  in  solar  activity.  The 
values  of  the  resulting  probabilities  exceed  the  change  values 
by  5  to  15$!.  These  relationships  indicate  that  if  the  number 
of  solar  spots  increases  during  the  weeks  immediately  pre¬ 
ceding  the  summer  and  winter  seasons,  then  it  is  proper  to 
expect  a  winter  and  summer,  temperature  below  norm  in  Budapest. 
This  relationship  is  especially  well,  expressed  during  January 
June  and  July.  As  far  as  the  precipitation  is  concerned, with 
an  increase  in  solar  activity  the  amount  of  precipitation  dur- 


-71- 


ing  the  winter  is  below  norm  and  that  during  the  summer  is 
above  norm.  ;  . 

Beginning  with  1942  the  prognostic  relationships  ind¬ 
icated  above  were  supplemented  with  relationships  between 
changes  in  the. weather  characteristics  and  phases  of  the  moon. 

In  compiling  forecasts,  the  results  yielded  by  work 
on  the  study  of  cycles  are  also  used.  Some  of  the  better 
verified  and  more  widely  used  cycles  are  the  11-summer,  2-3- 
summer,  the  sixty  day  cycle  and  the  335  day  cycle. 

Analogues  also  provide  concrete  help  in  the  compilat¬ 
ion  of  forecasts. 

The  correctness  of  two  week  forecasts  prepare!:  on  the 
basis  of  the  relationship  s  examined  above  amounts  to  ap¬ 
proximately  an  average  of  70$.  Some  of  the  better  forecasts 
sometimes  had  a  correctness  value  of  up  to  90$  and  sate  of  the 
poor  forecasts  -  30$.  Hi  this  case  the  correctness  of  the 
forecasts  for  weather  changes  is  higher  than  the  forecasts  for 
temperature,  and  precipitation  anomalies. 

In  futipe  investigations  it  is  proposed  to  conduct  a 
more  substantial  study  of  the  relationship  between  regenerat¬ 
ion  of  the  Azores  anti-cyclone  whose  state  in  many  respects 
predetermines  the  weather  conditions  over  Hungary,  with  solar 
activity.  The  relationships  that  have  already  been  establish^- 
ed  between  the  intrusion  of  anti-cyclones  from  the  Arctic  and 
the  intensification  of  corpuscular  radiation  of  the  sun  will 
be  develo/  id  further,  as  "even  t  hough  the  formation  of  the 
weather  characteristics  depend  only  on  the  influence  of  various 
factors  which  nave  a  terrestrial  origin  we  nevertheless  rec- 
ognize  the  fact  that  a  considerable  role  may  be  performed  also 
by  comparatively  energetically  weak  factors  of  cosmic  origin 
in  the  form  of  catalytic  agents  during  the  incubation  of 
various  weather-forming  pro  cesses,  "/see  not^7 

/Rote/  Berkes  Z,,  Acta  Agronomica.  V  .  No.  1-2 
163-1867  19F5.  - - - L  '  V  ' 

Prom  the  above  brief  survey  it  follows  that  in  Hungary 
even  t  tough  a  regular  compilation  of  forecast  is  conducted  * 
the  methods  for  their  compilation,  however,  may  not  be  * 
considered  complex,  perfected  and  responsive  to  the  con¬ 
temporary  state  of  our  knowledge  on  the  general  circulation  of 
the  atmosphere.  In  particular , all  forecasts  are  compiled 
only. on  the  consideration  of  the  cosmic  factors  and  formal 
statistical  associations  as  well  as  on  the  consideration  of 
cycles  and  periods  that  do  not  yet  have  a  physical  explanation. 

Scientists  that  are  occupied  with  this  problem  in 
Hungary  understand  that  the  given  method  is  not  as  good  as 
the  synoptic  and  circulation  methods  that  are  used  at  the 
present  time  in  other  countries  of  the  world.  Extensive 
material  consisting  of  high  level  and  surface  observations 
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from  the  entire  hemisphere  however  are  necessary  for  the  util¬ 
ization  of  such  methods*  which  complicates  the  application  of 
these  method s  in  the  ,  comparatively  small  countries  such  as 
Hungary. 

V.  The  Romanian  Peoples  Republic. 

Systematic  investigations  in  the  problem  of  long  range 
forecasting  of  the  weather  began  in  Romania  in  1951 .  They 
are  primarily  concentrated  at  the  central  meteorological  in¬ 
stitute  located  at  Bucharest. 

The  following  principals  underlie  these  investigations 
/See  note/ 

(T)  the  weather  characteristics  for  any  given  month  or 
season  are  determined  on  the  basis  of  its  characteristics  during 
the  preceding  month  or  season  when  quantitative  accumulations 
of  peculiarities  take  place  which  in  turn  lead  to  qualitative 
changes  in  the  circulation  and  the  weather  in  the  subsequent 
month  or  season; 

(2)  Pressure  and  thermal  fields,  the  distribution  of 
precipitation  and  the  characteristics  of  the  circulation  are 
an  inseparable  entity  and  must  be  examined  simultaneously  and 
jointly; 

(3)  In  order  to  properly  comprehend  their  interre¬ 

lationship  and  to  have  a  possibility  of  forecasting  their 
characteristics  for  the  future,  it  is  necessary  to  consider 
the  role  of  solar  activity,  the  phases  of  the  moon  and  the 
large  planets  cclosedt  to  the  earth.  - 

/Rote/  Topor,  N.f  Acta  Agranomica, .  1955,  JNo.  1-2, 

163-18671955.  “  ‘  ~ 

Both  the  normal  distribution  Of  the  indicated  elements 
over  Romania  and  their  distribution  over  the  surrounding  re¬ 
gions  (the  Azores,  maximum,  the  Icelandic,  minimum,  tne  Siber¬ 
ian,  maximum,  and  other  action  centers)  as  well  as  the  large 
scale  anomalies  were  studied  on  the  basi3  of  these  principals. 
The  latter  question  received  special  attention  in  view  of 
its  extensive  national  economic  significance. 

Basic  material  used  for  conducting  the  investigations 
were  diurnal  synoptic  charts  for  the  period  from  1886-1951 . 

The  first  stage  of  the  investigation  established  the  types 
of  pressure  fields  over.  Europe  and  their  peculiar  weather  con¬ 
ditions  over  Romania  and  over  southeastern  Europe  as  a  whole. 

It  was  found  that  there  ware  only  16  such  types.  Subsequently 
the  probability  for  the  appearance  of  every  type  for  every 
day,  month,  and  season  was  computed . 

After  that  a  macro synoptic  investigation  was  conducted 
as  a  result  of  which  the  16  types  of  pressure  fields  indicated 
above  were  included  in  7  types  of  circulation  ■  and  observed  in 
south-eastern  Europe;  the  northern  continental,  the  southern 
continental,  the  eastern  continental,  the  southeastern  mari¬ 
time,  western  oceanic,  and  the  northwestern  oceanic. 
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moon,  even  though  it  is  the  body  closest  to  the  earth,  is  ap¬ 
parently  limited  to  the  phenomena  of  tides  in  the  external 
surfaces  of  the  globe  and  cannot  have  an  effect  on  the 
characteristics  of  atmospheric  processes. 

VI.  India 

Investigations  in  the  area  of  long  range  weather  fore¬ 
casting  started  in  India  after  1877,  a  year  that  was  known  for 
its  exceptional  dsnought  and  famine  in  that  country.  In  India 
the  forecasting  of  the  amount  of  precipitation  which  occurs 
during  the  monsoon  season  (from  June  to  September)  is  of  basic 
significance  .  The  correct  forecast  of  a  deficit  in  precipit¬ 
ation  is  especially  important  as  obviously  poor  harvests  in 
the  country  or  in  its  various  regions  are  associated  with  such 
conditions. 

In  connection  with,  this  Blenford  utilizing  the  "world 
weather1"  method  established  the  task  of  revealing  factors  that 
determine  the  small  amount  of  precipitation  during  the  monsoon 
season  in  India.  He  established  that  the  droughts  were  pre¬ 
ceded  by  an  anamously  heavily  snow  fall  during  the  winter 
and  spring  in  the  mountains  located  to  the  north  and  north 
west  of  India  (the  Himalayan  Range  and  the  Hindu -Ku sc h  upland 
area)  as  well  as  high  pressure  on  the  Island  of  Mavrikiya, 
in  Australia  and  over  a  considerable  portion  of  Asia. 

Pore st s  for  rain  for  the  period  from  1886  to  1901 
were  compiled  with  the  aid  of  these  relationships  and  re¬ 
ceived  the  recognition  and  trust  of  the  public.  Prom  1887  to 
1903  however  when  the  weather  forecast  service  in  India  was 
directed  by  J.  Elliot,  who  began  issue  and  publish  greatly 
detailed  forecasts  without  a  sufficient  background  for  that, 
these  forecasts  lost  their  practical  significance.  ft**  a  result 
of  that  the  government  of  India  prohibited  official  public¬ 
ation  of  these  forecasts  in  1901  and  authorized  the? r  utiliz¬ 
ation  only  by  the  provincial  admin  str  at  ions. 

A  well-known  British  climitologist.  Walker,  worked  in 
India  since  1903.  He  headed  the  further  investigations  in 
this  prohLem.  They  amounted  to  a  survey  for  statistical  re¬ 
lationships  between  the  amount  of  precipitation  in  India  dur¬ 
ing  the  period  from  Jubb  to  September  and  the  state  of  certain 
weather  characteristics  in  various  regions  of  the  earth  during 
the  preceding  period.  As  a  result  he  evolved  a  series  of 
regression  equation  of  .  the  common  type 

y  —  aXj.  ■+•  bX£  +■  cX^  ■+■  dXj^  -f-  @X^ 

where  y-is  the  forecast  volume  of  precipitation  in  India, 

X]_y  XoXjiXe-  are  various  elements  associated  with  precipitat¬ 
ion2  a,  b,c,d,e,  -  are  constant  coefficients  with  which  the 
equation  yields  a  closer  approximation  to  reality  with  re¬ 
spect  to  the  amount  of  precipitation. 


-75- 


X  -  as  the  general  altitude  nf*  ^0:i:>  ary  and  March 
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equation  but  to  reveal  new  factors  as  well.  All  of  this  to¬ 
gether  will,  undoubtedly  .considerably  develop  the  method  and 
will  raise  the  quality  of  the  forecasts  for  monsoon  precipit¬ 
ation.  v  -  .  ■■■ . 


VII  Indonesia  '  ,  . 

"  In  Indonesia  like  in  India, the  greatest  practical  in- 
terest  is  represented  by  forecasts  of  precipitation  during 
the  eastern  monsoons. 

Inv6  st  igat  ions  of  this  pro  hi  6m  star  tod  in  IndonBsia 
in  1908, when  C.  Braak  started  to  study  the  relationship  be¬ 
tween  pressure  changes  and'  the  amount  of  precipitation. 

/gee  Note/  In  doing  so,  the  author  based  himself  on  the  fact* 
Tf  during  the  monsoon  period  the  pressure  is  below  normal, 
then  the  amount  of  precipitation  must  exceed  the  norm,and  in 
the  opposite  case  the  precipitation  would  be  below  normal 
fltotef  Braak,  C.,  Berlage,  •  H.  P„  Boer,  H.  J.,  Euwe,  W., 
TTeesTnck.  J.M.,  Verhandel ingen  No  5,  20,  26,  29,  30,  31,  32, 

35  36,  38,  39,  44  van  het  Koninklyk  Magnet isch  en  Meteor  - 

ologisch  Observatorlum  te  batavia,  1919-1952.  The  forecasts 
comp ii ed  on  t he  basis  of  this  rule  for  1909  and  1910  had  a 
good  rate  of  accuracy.  This  compelled  a  more  detailed  study 
of  the  indicated  problem.  As  a  re  suit. a  three  year  periodicity 
in  the  changes  of  pressure  was  established  and  three  rules  for 
forecasting  pressure  were  formulated , 

However  even  these  perfections  did  not  prevent  a  cata¬ 
strophic  forecast  failure  for  1925,  when  it  was  forecast 
that  the  amount  of  precipitation  will  only  slightly  exceed 
the  norm,  whereas  actual  conditions  resulted  in  a  drought 
that  was  never  observed  before. 

B  raak’s  work  was  continuedby  Berlage  ( yerhandeiln^n  van 
het  Eoninklyk  Magnet  isch  en  MeteorQlogisch  ubservacor  ium-t*r 
BataviaJT "  He  was  especially  engaged  In  finding  a  relation¬ 
ship  "Between  the  amount  of  precipitation  during  the  eastern 
monsoon  on  Java  and  a  deviation  of  temperature  and  pressure 
frcm  the  norm  at  var iotas  regions  of  the  Indian  and.  Pacific 
Oceans  during  the  preceding  months.  He  also  considered 
tne  role  of  solar  activity.  The  regression  equation  that 
was  derived  yielded  positive  results  prior  to  1925.  Later 
However,  the  quality  of  the  forecasts  deteriorated  sharply 
as  the  physical  nature  of  the  relationships  that  he  estab¬ 
lished  remained  unclear . 

A  certain  perfection  of  the  regression  equations  was 
c  onducted  by  Boer.  As  a  result, by  using  them  it  was  possible 
to  predict  on  1  September  the  early  advent  or  the  tardi¬ 
ness  of  the  normal  '  rains  of  the  mon¬ 

soon  period  in  teims  of  10  day  periods.  Similar  investigation 
for  the  forecast  of  precipitation  in  the  region  of  Java,' 
Madura,  the  Islands  of  Celebes:  and  Borneo  were  conducted  by 
Euwe. 
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ed  an  almost  complete  lack  of  success,  1  V  t0  1930)  indicat- 
Later  investigations  in  the  indicated  problem  were 

tSe  ^eS*?^-  *  during  a  period  which  extends  f£om  a  7 
time  t.,  en  there  is  a  maximum  number  of  sun  spots  to  a  -Mm.* 
where  a  minimum  number  of  sun  spots  are  ^i^t  If? J  the 
time  when  there  are  a  maximum  nmber  of  sun  pots  fdrieJ 
penod,with  a  minimum  of  rqin, comes  about  between  the  max 

Sio^S  evlienr  01  3un  SP°t3"- 

eSreZ;  lo^SfSt^e^sf0®1103*10  WOrk  lnii0atea  «»* 

the  givS^S^  ^fio^’S  ^ef^sfl  tTeSlv°h 
on  a  consideration  of  the  periodicity  in  changes  of  mltl?^ 

?icfilo;i1S^eni?’and  also  solved  vinous  troll  of  stltu- 
hi  Ihel  *1  nShips  an<S  regression  equations.  For  example 
the  temperature  af  the  air  at  DeBilte  and  the  average  ' 

am  un  of  precipitation  throughout  was  'c'crrelkied ea  with  18 
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elements  at  different  parts  of  the  world .  Among  them  were 
the  air  pressure  at  the  Azores  Islands,  the  difference  be¬ 
tween  the  pressure  at  the  Azores  Islands  and  Iceland,  the 
water  level  in  the  Nile  River,  the  temperature  on  the  Yan- 
Mayen  and  others.  The  regression  equations  were  compiled 
for  forecasting  temperature  and  precipitation  for  a  period 
of  from  one  to  three  months  in  advance. 

At  first  the  forecasts  compiled  on  the  basis  of  these 
equations  were  considerably  successful.  However, -their 
subsequent  correctness  became  ratherlcw  .  As  a  result  of  this 
the  authors  came  to  the  conclusion  (j^  v#  Yfetfra,'  Verrmchtipgen  op 
Lange  Termijn,  (lion#  Nodari.  l.eteorol  Inst.  JeLilt, '  Putu^  i*o“137V)  - 

but  it  wa s  impo ss i tile  to  successfully  resolve*  the  problem  of 
forecasting  not  only  for  the  Netherlands  but  for  other 
countries  of  the  world  as  well  by  this  method.  It  is  rather 
difficult  not  to  agree  with  this  deduction. 

IX.  Japan 

According  to  the  available  information  forecasts 
in  Japan  are  compiled  for  ten  day  periods  with  detailed  in¬ 
formation  for  each  day,  forecasts  are  also  compiled  for  per¬ 
iods  covering  a  month  with  detailed  information  provided  on 
the  basis  of  ten  day  periods,  the  forecasts  covering  periods 
of  a  month  included  detailed  information  on  a  basis  of  ten 
day  period",  the  forecasts  for,  three  month  periods  contained 
details  on  a  monthly  basis:  forecasts  were  also  issued  for 
six  month  periods. 

Methodical  elaborations  utilized  in  the  compilation  of 
such  forecasts  are  based  on  a  consideration  of  the  periodicity 
and  changes  in  meteorological  elements . as  well  as  on  a  formal 
extrapolation  of  data  at  a  si,ngle  point.  Usually,  at  first, 
the  deviations  from  average  values  of  pressure  anu  uemperature 
for  the  preceding  periods  of  five  days  duration  are  determined. 
Then  these  deviations  are  extrapolated  ;;ith  the  aid  Of 
periodicities  of  20,  25,  35,  45,  and  65  days. 

A  verification  of  the  correctness  of  forecasts  for 
the  period  from  February  to  October  1952  was  conducted.  It 
was  revealed  that  the  temperature  forecasts  were  correct  in 
70$  of  the  cases  whereas  the  correctness  of  pressure  fore¬ 
casts  were  correct  in  slightly  more  than  50$  of  the  cases. 
Forecasts  of  precipitation,  however,  proved  to  be  completely 
unsatisfactory. 

X.  England 

In  England  there  was  a.  extremely  skeptical  attitude  to¬ 
wards  the  possibility  of  successful  compilation  of  long  range 
weather  forecasts.  The  prevalent  point  of  view  on  this  problem 
was  expressed  by  Robert  Watt  who  a  in  June  of  1952,  at  the  Con¬ 
ference  on  Problems  of  Industrial  Natural  Sciences  ^stated  as 
follows  a 
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present  time,  forecasts  covering  24  hour 
ifions 3  Sr  t*  mi° St  r5 iable ‘  Under  fdeJl^Sd- 

ri  it1 

forecasts  coverine:  a  np-nlori  nr  %  *  ua  publish 

covering  a  5  dav  nP!,-S  J  d  °f  3  A  forecast 

compiled  fLUl^Xi ^Ya  f 

SKS^.ne0eSSary  t0  I'ever't  t0  ^rage  clSitlc 

tMs  ;~g 

ducts  a  discussion  of  forecasts6^  the  S^seouen?' 

4  days  fcwic©  a  W66k  on  a  ewn  impnf oi  -u  •  , 

/SeeSote/1*^  jt  iSbaS^  S13 pr0p?sed  by  Sutcliffe 
-1  ■«•/  #  i®  based  on  a  consideration  of* 

dependence  between  the  thermal  wind  established  on 

ment^and Sshif  t  S'JZ,1?00  ?  0tot  “d “vel°op. 
surfacfofSI  ILth.  f°™utions  close  to  theP 

Of  the  ^yal7" «e?eSofogicai  SoSlety\ ‘S^lS™'11 
der  ived^are  VSSSl* i^Tsl 

thermal  be  utilSea®?^0'5  uSder  oer‘aln  circumstances 
ney  may  be  utilized  for  a  forecast  covering  a  5  to 

the  ?1P^1Jd‘  m  thafc  oase  the  prognostic  fharis  for 

ifl  £^rt'  da?  are  the  initial  charts  for  the  Sm! 
pllation  of  the  forecast  for  the  second  day  and  so 

.  ^ebhods  used  in  other  countries  are  not 
utilized  in  England  since,  according  to  the  onininr, 
,C,;fmaSy  “?te°rologists,  tie  couS?rySoccup?ls  a  mos? 
unfavorable  geographical  position  for  that  purpose 
Si, ^f?f°re  the  regularities  obtained  fo/SuSr 
territories  may  not  be  effectively  be  applied  here. 
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.  '  CONCLUSION 

The  material  that  was :  presented  in  the.  first 
and  second  parts  of  this  book  permits  the  certific¬ 
ation  of  the  material  progress  that  has  occurred  in 
the  study  of  the  general  circulation  of  the  at¬ 
mosphere  over  the  past  15  to  20  years. 

A  direct  result  of  that  is  the  fact  that  by 
the  present  time  a  series  of  new  methods  for  long- 
range  weather  forecasting  have  been  developed  which 
are  founded  on  the  regularities  of  the  general  cir- 
ccalfctitBi  of  the  atmosphere  and  which  provide  the  op¬ 
portunity  to  compile  more  perfect  forecasts  then 
was  possible  under  the  former  methods  based  on 
regional  associations  or  on. other  associations  of  a 
statistical  nature. 

This  not  only  provides  the  opportunity  to 
properly  outline  a  path  for  further  investigations 
in  su-'h  important  and  closely  interrelated  problems, 
but  it  also  inculcates  certain  hopes  for  the  pos¬ 
sibility  of  a  substantial  increase  in  the  quality  of 
long-range  weatheh  forecasts  in  the  very  near  future. 
An  especially  important  contribution  towards  the 
solution  of  the  indicated  problems  ,was  made  by 
Soviet  scientists.  In  our  .country  hydrodynamic 
methods  are  also  developed  along  with  the  comparat¬ 
ively  effective  synoptic  methods. 

International  cooperation  a  xong  the  meteor¬ 
ologists  is  also  of  essential  significance  to  the 
solution  of  these  problems.  A  wonderful  example  of 
such  cooperation  is  the  International  Geophysical  . 
Year  (Ig’Y),  which  permitted  the  collection  of 
many  simultaneous  complex  observations  over  the 
entire  globe  that  are  extremely  necessary  for  a  . 
substantial  extension  of  our  knowledge  of  the  regu¬ 
larities  inherent  in  the  general  circulation  of  the 
atmosphere.  In  this  case,  an  invaluable  contribution 
was  made  by  Soviet  scientists  who  provided  the  op¬ 
portunity  to  study  the  atmosphere  of  the  earth  and .  .. 
the  planets  with  the  aid  of  new  methods,  specifical¬ 
ly  sputniks,  as  well  as  meteorological  and  cosmic 
rockets. 
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beneficial.  ^  ne  scientlsts  will  be  most 

vestigatKnfSa?LtLl?,I?V,01Vea  1,1  tte  ^ther  m- 

the  author,  are  as  follows-  Pr°bla,s>  a0c0rdln2  to 
regularUies^n^hf  Sal  study  of  the 

heSent  th  changes  of  characteristics  in- 

over  the  surf  a  c  ^of  &t  he  ^e  ar  t  h^and  th  ^  atm0sphere 
peculiarities  of  S-  !!*  ,1  J,®5  the  associated 

ions  in  its  variou?rl£ons  a?  Se  !eath?  00ndlt- 
is  necessary  to  bea/iSiflthe  same  tjbie, 
synoptic  processes  that  r®SUlarities  in 

may  be  properly  comprehended  SniTf  in  Sma11  reSion£ 
thev  are  stnrM ph  o  •  f  a  r  nly  ^  oases  where 

the^general^irctilation^hic^conditions 

regions  of  tha  ti  Sk«  L takins  place  in  other 

ation  provides  little  &  Sase*  the  inv^stig- 

tie  sense  .The1  aerosvro^b ls. of  Talue  in  a  proggos- 
casr  must  be  olosSv  SS“°(.1?VeStleatlons  ‘his 

“Ssr 

~rth?£^trCTete  i eng -range h8re 

-f  a  Physical  essence  of^i^thei^ctors^rr1311™ 
in  time.  ®  such  a  physical  essence 

regularities^which^Sm  *C£«\ pr?cesses  the 

weather  forecast  Inc-  Qn.  ?rm,a  basis  for  extended 
scale  processes  Sf  ?lgSa^i?ief  of 0£?V*  lar«er 

^  '«mie„basl;  f0r  t°h|-4e  wea  L^eSsS™ 
in  that  case  forecast  methods  for  forest «  ' 

unifled^rw?  _extendednature  will  be  formed  on 

in  the  P^OgnosticSw?k.Wl11  Supplement  other 

4)  A  study  of  the  nature  of  the  anomalies 
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in  the  development  of  the  general  circulation  of  the  at¬ 
mosphere  and  the  associated  anomalies  of  the  weather 
conditions  in  the  various  regions  of  the  globe. 

5)  a  study  of  the  regularities  inherent  in  os¬ 
cillations  of  the  general  circulation  of  the  atmosphere 
taking  place  over  many  years  and  the  related  changes 

in  the  atmosphere  and  the  hydrosphere.  The  knowledge 
of  such  regularities  will  permit  not  only  to  improve 
the  quality,  of  the  methods  of  extended  hydrometeor¬ 
ological  forecasts  but  will  also  provide  the  possib¬ 
ility  to  extend. them  to  cover  a  period  of  up  to  a 
year,  or  several  years,  lie,  it  will  permit  an  ap¬ 
proach  to  the  solution  of  the  problem  of  extra  long- 
range  forecasts, 

6)  A  study  of  the  peculiarities  of  atmospheric 
circulation  in  artificially  created  models  of  our 
planet  and  the  verification  of  the  resulting  regular¬ 
ities  under  natural  conditions  by  the  establishment 
of  corresponding  complex  observations. 

7)  The  organization  of  systematic  simultaneous 
observations  (similar  to  those  which  were  conducted 
according  to  the  IG^  Program)  throughout  the  world 
which  yield  an  under standing  of  the  constant  changes 
in  time  of  all  the  active  factors  of  terrestrial  and 
cosmic  origin.  It  is  necessary  that  these  observat¬ 
ions  be  immediately  processed  at  an  international 
center,  published  and  transmitted  to  all  scientific 
meteorological  institutions  of  the  world  for  further 

study .  '  •. 

8)  a  rational  utilization  of  efforts  and 
financial  expenses  of  the  various  countries  for  meteor¬ 
ological  research  in  order  to  accelerate  and  p  it 
the  collection  and  processing  of  primary  mater ials . 

At  the  same  time,  it  is  necessary  to  bear  in  mind  that 
the  rational  distribution  of  weather  stations  over1  the 
globe  and  the  natuhe  of  observations  carried  out  by 
them,  at  the  present  time  has  an  incomparably  greater 
significance  for  science  than  an-  increase  in  the 
density  of  the  net  in  isolated  "regions  and  countries 

limited  in  area.  „  , 

9)  a  wide-spread  utilization  of  electronic 

computers  and  other  new  technical  means  suitable  for 
the  analysis  and  observations  of  the  necessary  type 
and  accuracy. 
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